Google 



This is a digital copy of a book that was prcscrvod for gcncrations on library shclvcs bcforc it was carcfully scannod by Google as parí of a projcct 

to make the world's books discoverablc onlinc. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journcy from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing this resource, we have taken steps to 
prcvcnt abuse by commercial parties, including placing lechnical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuáis, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrainfivm automated querying Do nol send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other áreas where access to a laige amount of text is helpful, picase contact us. We encouragc the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for informingpcoplcabout this projcct and hclping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are lesponsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can'l offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organizc the world's information and to make it univcrsally accessible and uscful. Google Book Search hclps rcadcrs 
discover the world's books while hclping authors and publishers rcach ncw audicnccs. You can search through the full icxi of this book on the web 

at |http: //books. google .com/l 



"Thle On 




NNGZ-AHA-7PES 



» 



■i» 



I « 






N. 



\^%'^ V '.V ^^^- ^ ; 



/ 






N^ 



.%^' V 



'W ». 



N -W 



NNGZ-ftHA-7PES 



"J 



TU£ 



ROLLO PHILOSOPHY. 



PART II. 



AIR. 



BT THK 



AÜTHOR OF THE ROLLO BOOKS. 



BOSTON: 
PUBLISHED BY OTIS, BROADERS, & CO. 

1843. 



•RTBRBD ACCOROINO TO ACT Or CONOBait, IR THB TBAS 1841, BT 
T. H. CAKTBK, I ir THB CLKKK's OFFICM 9W TUB DIITBICT COVBT 

or MAUAcaoAfti r«. 



BTEREOTTPED AT THE 
■OVrOM TTFB AND 8TERE0TTPS rOUNDIlT. 



P R E F A C E . 



The main design in view, m the discussions 
wfaich are ofiered to the juvenile world, under tbe 
tille of The Rollo Philosopht, relates rather to 
their efíect upon the little reader's habits of thmk- 
ÍDg, reasoning, and observation, than to the ad- 
ditions they may make to his stock of knowlcdge. 
The beneñt which the author intends that the 
reader shall derive from tiiem, is an inñuence on 
the cast of his intellectua! character, which is re- 
ceiving its permanent form during the years to 
which these writings are adapted. 

The acquisition of knowledge, howerer, though 
in this case a secondary, is by no means an unim« 
portant object ; and the discussion of the several 
topics proceeds accordingly, with regularity, upon 
a certain system of classiñcation. This classifíca- 
tion is based upon the more obvious extemal prq> 
erties and relatioíis of matter, and less upon those 
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which, though they are more extensive and gen- 
eral in their nature, and, therefore, more suitable, 
in a strictly-scientiñc point of view, for the foun- 
dations of a system, are less apparent, and require 
higher powers of generalization and abstraction ; 
and are, therefore, less in accordance with the 
genius and spirit of the Rollo philosophy. 

As teachers have, in some cases, done the 
aathor the honor to introduce some of the pre- 
cedinor works of this class into their schools, as 
reading books, d&c, considerable reference has 
been had to this, in the form and manner of the 
discossion, and qáestions have been added to fácil* 
itate the use of the books in cases where parents 
or teachers may make the reading of them a regu- 
lar ezercise of instraction 



OONTENTS. 



'• 



CHAFTER I. p^ 

LOBT IH THE SkoW, 9 



CHAPTER II. 
FLTnio, 19 

CHAPTER III. 
Valtx Masuto, 40 

CHAPTER IV. 
ExpxRiKxim, • 61 

CHAPTER V. 

PRKSSURK, 64 

CHAPTER VI 
BallookinOi 79 

CHAPTER Vn. 
Philoíophxoal Oiiovüioír, • ••• M 



8 CONTENTS. 



CHAPTER Vm. p^g 

Tases, 108 



CHAPTER IX. 
BvRiriHO, 121 

CHAPTER X. 
Gravitation, ..••• •••••••«••••••• «•• 143 

CHAPTER XI. 
Air 15 MoTioN, • 158 

CHAPTER XII. 
AiB AT Rest, •••• «..•••«•.•• 179 



hOST IN TBE SNOW. 11 

was very deep on the side of a hill, they 
went right over the top of a stone wall. 

It was a cloudy day, but calm. This was 
favorable. The sky being overcast, kept 
the sun from thawing the snow; but yet 
their father told thcm that probably it 
would begin to grow soft before they carne 
home, and, if so, they would have to come 
home iii a certain sled road, which Joñas had 
made that winter by hauling wood. He ad- 
vised them not to encamp at any great di&- 
tance from the sled road. 

They carne at last to a pleasant spot on 
the margin of a wood, near where there was 
a spring. The rocks around the spring were 
all covered with snow, and the little stream, 
which in summer flowed from the spring, was 
írozen and buried up entirely out of sight. 
But the spring itself was open, which Rollo 
said was very fortúnate, as they might want 
some water to drink. 

Here they encamped. Rollo cut some 
stakes, which he drove down into the snow, 
and contrived to make a rude sort of table 
with his boards. He also cut a large number 
of hemlock branches, which Lucy and Nathan 
dragged out and spread around the table for 
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Rollo and Lucy were going to have an ex- 
pedition upon the crust. Rollo had a sled, 
and they were going to put upon the sled 
such things as they shonld need, and Rollo 
was to draw it, while Lucy and Nathan, 
Rollo's little brother, were to walk along by 
his side. 

RoUo's sled was ready at the back door, 
when Lucy carne. Lucy brought with her 
some provisions for a luncheon, in a basket. 
This was her part of the preparatíon. Rollo 
got his axe, and one or two boards a little 
longer than the sled, which he said were to 
make seats. He also had a tinder-box, and 
some matches, to enable him to make a fire. 
When all things were ready, the three children 
set out together. 

Rollo drew the sled, with the boards, 
the basket, and some other things upon it, 
all bound together securely with a cord. 
The load appeared to be considerable in 
bulk, but it was not heavy, and Rollo drew 
it along very easily. They were not obliged 
to confine themselves to the roads and paths, 
for the snow was hard in every direction, 
and they could go over the fields wherever 
they pleased. In one place, where the snow 
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the margin of a wood, near where there was 
a spring. The rocks around the spring were 
all covered with snow, and the little stream, 
which in summer flowed from the spring, was 
írozen and buried up entirely out of sight. 
But the spring itself was open, which Rollo 
said was very fortúnate, as they might want 
some water to drink. 

Here they encamped. Rollo cut some 
stakes, which he drove down into the snow, 
and contrived to make a rude sort of table 
with his boards. He also cut a large number 
of hemlock branches, which Lucy and Nathan 
dragged out and spread around the table for 
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them to sit upoD. Then Rollo built a fire 
of sticks, which he gathered in the wood. 
The ground was covered with snow, so that 
it would have been very diíBcult for hira to 
llave found any sticks, were it not that sonio 
kinds of trees, iu tho woods, have a great 
many small branches near the bottom, which 
are dead and dry, These Rollo cut off, and 
Luey and Nathan dragged them out, and put 
them on the fire when he had kindled it, 
The fire was a little way from the table, 
with the carpet of hemlock boughs between. 

There was a high hill covered with snow 
at a little distance, and, after they had eaten 
their luncheon, Rollo said, — 

" O Lucy, we will play go up the mounr 
tains. There is a hill for us. That shall be, 
Chimborazo," 

" Well,'' said Lucy, " if you will cut us 
some long staves." 

Accordingly Rollo went into the wood, 
and selected some tall and slender young 
trees, about an inch in diameter, and cut two 
for Lucy, two for Nathan, and two for him- 
self. These he trimmed up smoothly, and 
each of the children took one in each hand. 
They played that Rollo was^ the guide, and 
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Lucy was the philosopher. Nathan was the 
philosopher's servant. Rollo conducted them 
safely to the summit ; but just after they got 
there, it began to snow. 

The snow descended in large flakes, and 
Rollo was delighted to see it ; but Lucy 
seemed a little anxious. She said that, if 
there should be much snow, it wbuld make 
it hard for Nathan to get home, and she 
thought that they had better go down the 
mountain immediately, and set out for home. 
Rollo was rather imwilling to go, but he 
allowed himself to be persuaded, and so they 
all carne down the mountain together. 

They packed up their things as quick as 
they could, leaving the fire to bum itself out, 
only Rollo first piled on all the hemlock 
branches,— which made a great crackling. 
The snow began to fall faster. The air was 
fuU of the large flakes, which floated slowly 
down, and lodged gently upon the oíd snow. 

The chüdren went along very succcssfully 
for some time, but at length Rollo lost his 
way. The air was so full of snow-flakes, 
that he could see only a very little way 
before him; and the oíd snow covered the 
gxoaudí 80 as to híde all the oíd marks, and 

2 
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to alter the general aspect of the fields so 
much, that Rollo was completely lost. He, 
however, did not say anything about it, but 
wandered on, Lucy and Nathan wondering 
all the while why they did not get home; 
until at length they carne across a track in 
the snow. 

"O! see this track," said Rollo. "Here 
is a track, where somebody else has been 
along with a sled." 

" Yes," said Lucy, " some boys, who have 
gone oul to slide, perhaps." 

The track was partly obliterated by the 
snow which had fallen upon it since the 
boys that made it had gone along. Rollo 
wondered whose track it could be. He said 
that he thought it very probable it was 
Henry's. Lucy thought that it might be 
the track of some children, that had gone 
out to find them. 

" At any rate," said Rollo, " ^e will foUow 
the track a little way, and see what it leads 
to. Perhaps we shall overtake the boys." 

Accordingly Rollo tumed along in the 
track, but Lucy stopped. 

" No, Rollo," said she, '^ we must go the 
other way if we want to find the boys;—- 
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the track is going the other way. But 
never mind," she added, " I don't want to 
find the boys ; I want to go home ; so we 
will go this way." 

Rollo went on, secretly pleased to find the 
track, for he supposed that by retracing it, as 
he was doing, it would lead him back home. 
He had, however, a great curiosity to know 
who could have made it; and in fact the 
mystery was soon unraveled. 

For, after foUowing the track a short 
distance, they saw before them a large, dark 
spot upon the snow, and, on drawing near to 
it, to seOvWhat it was, they found it was the 
place of their own encampment; and the 
track which they were folio wing was their 
own trackj leading them back to the moulder- 
ing remaíns of their own fire. They had 
gone round in a great circle, and come back 
upon their own course. Rollo looked ex- 
ceedingly blank and confused at this unex- 
pected tennination of the clew, which he 
had hoped was to have led him out of his 
difficnlty. What he was to do now, he did 
not know. 

The &ct, however, that they were lost^ 
was no longer to be concealed; aod Lucv 
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proposed that they should go into the woods, 
where the tops of the trees would act as a 
sort of mnbrella, to keep the snow from 
faJling upon them, and wait there until it 
stopped snowing ; and then the air would be 
clear, and they could find their way out. 

" O," said "Rollo, " I can easily n^ake a hut 
of hemlock branches, and we can go into 
that for shelter." 

" But, Rollo," said Nathan, " how do you 
know but that it will snow all day ? We 
can't stay in the woods all day." 

"No," said Rollo; "when it snows in 
great flakes, it is not going to snow long. 
Joñas told me so." 

So» the children went into the woods, and 
Rollo began to make his hut; but he was 
soon interrupted, and the attention of all the 
children was called off by a little bird, which 
they saw there, hopping about, and appear- 
ing benumbed with cold. After some effort, 
Rollo succeeded in catching her in his cap. 

"We'U canry her home," said Nathan; 
"we'll carry her home, and show her to 
mother." 

" Yes," said Rollo, " I'll carry her in my 
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" No," said Lucy, " you must have your 
cap on your head, or you will take cold. 
Let me carry her in my hands." 

"No," said Rollo, ** you will have to lead 
Nathan. I'll tell you what we will do. 
We will put her into the basket, for a cage." 

Lucy, on the whole, liked this plan, and 
they accordingly put the bird in the basket, 
and Rollo contrived to make a cover of 
boughs, to keep her from getting away. 

By the time that this was all arranged, the 
children found, to their greát satisfaction, 
that it had ceased snowing ; and they imme- 
diately set out for home. Rollo drew the 
sled, with the basket and bird upon it, 
secured as before with the cord ; and Lucy 
led Nathan. They now had no difficulty in 
finding their way, and soon reached home in 
safety. 

They kept the bird imtil the next day, 
and then, as it was mild and pleasant, they 
let her fly away. 



qUE STI0N9. 

By what proceis had the snow become hardened at thit 
time ? Did Rollo's father ezpeet that it woiild cantiBiie 
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hard till noon ? Why not? Did it continué hard ? What 
prevented its meltm|r ? How did Rollo get sticks íbr hit 
fire ? What ñame did he giye to the hill which they as* 
cended? What occasioned the difficultj in the way of 
RoUo's finding his way home ? What conversation took 
place when he found the track? Was this track in the 
new snow, or in the oíd enow ? How had it beeome partly 
ohhterated f How did they carry the bird home ' 
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CHAPTER II. 

FLYUÍO. 

Nathan became very much interested in 
the bird, and that evening, as his father was 
sitting by the fire, with a book in his hand, 
which he had been reading, Nathan carne up 
to him, and said, — 

"Patíier, are youbusy now, — thinking, 
or anything ? " 

" No," said his father. 

" Because," said Nathan, " if you are not, 
I want to read you something out of my 
little book." 

So Nathan's father took him up into his 
lap, and Nathan opened his little book^ and 
began to read as follows : — 

<< < With fií» for the water, and wmgs for the air» 
And feet for thfit ground, I could go eveiywhere.' 

** Lsn't that fiíimy ? " said Nathan* 
^< Rather funnyi" said his father.* 
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" I wish I had wings," said Nathan. 

" Why ? " said his father. 

" Why, then I could fly." 

"That is not certain," said his father. 
"There are two difficulties which preven! 
boys from flying. One is, they have no 
wings; and the other is, they .have not 
strength to use them." 

"O father," said Nathan, "I could use 
them; I am pretty strong. I can wheel 
RoUo's wheelbarrow." 

His father smiled. " Very possibly," said 
he ; " but I do not think that you would be 
strong enough to use wii^s, even if you had 
them." 

'^ Why, at any rate, I am stronger than a 
bird," said Nathan. 

" Yes," said his father, " you have more 
actual strength than a bird, but not more in 
proportion to your size. You are absolutely 
stronger, but not relatively," 

" What do you mean by that ? " said 
Nathan. 

" Why, you have actnally more strength 
than a bird, — a robin^ for instance; you 
could hold him so that he could not get 
away ; and you could lift more than he could 
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too. But then you are a great deal larger, 
and you are not as much stronger than he ís, 
as you are larger. If you are a. hundred 
times as heavy as he, you are not a hundred 
times as strong. That's what I mean by 
saying that you are absolutely stronger, but 
not relatively. That is, you are not as many 
times stronger, as you are larger and heavier. 
You are absolutely stronger, but not rela- 
tively ; that is, in proportion to your size 
aud weight. 

" Now I can prove to you," coxitinued his 
father, ^'that you would not be strong 
enough to fly with wings, even if you had 
them. Suppose there was a pole fastened 
across the room, and another pole just above 
it ; could you pulí y ourself up, firom one pote 
to the other, by your hands alone, without 
touching your feet ? — Or a ladder," continued 
his father, — "it will be better to suppose a 
ladder. Now, if there was a ladder leaning 
up against a building, could you climb up 
on the under side by your hands, drawing 
yourself up, hand over hand, without touch- 
ing your feet ? " 

Here Rollo, who was reading in a little 
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chair at the back part of the room, when his 
father first commenced the conversation with 
Nathan, but who had been listening for a 
few minutes past to what his father had been 
saying, jumped up, and carne across the room 
to his father, and said, — 

" Yes, sir, yes, sir ; I can. I have done 
it often in the bam." 

" How high up could you go ? " said his 
father. 

" O, ahnost up to the loft," said Rollo. 
" Only, you see, father, the rounds are too far 
up. I can't reach up very well. If they 
were nearer together, I could climb up so, 
very well." 

"Well," said his father, "a bird, when 
flyíng, has to climb up in much the same 
way. He has to pulí himself up by the air^ 
with his wings, just as you do with your 
hands and arms, by the rounds of the ladder ; 
only the air is not fixed, like the ladder, but 
constantly gives way under his wing; and 
80, to make the case the same, you must 
suppose that the ladder is not firm, but is 
fioating in the air, and sinks down with 
your weight, so that yoa have to climb up 
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faster than you puU the ladder down. Do 
you think you would have strength enough 
in your arms to do that ? " 

RoUo and Nathaa looked very much in- 
terested in what their father was saying, but 
they both admitted that they could not 
climb up such ladders as those. 

" The air," added their father^ " gives way 
continually under the birds' wing ; and yet 
they have to pulí themselves up by it. And 
this is very hard. They must either have 
very large wings, and prodigious strength to 
use them, so as to pulí upon the air with 
very hard and heavy strokes, or else, if they 
have small wmgs, they must have strength 
to strike very quick and often with them. 

The vringB of sparrows move so quick, 
that you cannot coimt the strokes; and 
those of humming-birds, which are smaller 
still, so fast that you cannot see them. They 
make a hum." 

'^ I could make my wings go so fast," said 
Nathan ; and he began to imítate the flapping 
of the wings of a bird, with his arms, as 
rapidly and forcibly as he could. 

** So can I," said Rollo ; and he made the 
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same motions. "That is as fast as crows 
wings move, when they are flying.^' 

" Yes," said his father, " crows move their 
winga as fast as that, whereas you only move 
hands and arms. If you had great wings, as 
long, in proportion, as the crows, you could 
not move them so fast." 

" How large would they be ? " said Rollo. 

" O, I don't know, — perhaps as big as the. 
top of the dining^able." 

"O father," said Rollo, "I don't think 
they would be as big as that. The crow's 
wings are not longer than his body, and so 
mine would not be longer than my body." 

" Perhaps you never saw a crow's body," 
said his father. ^^His feathers and his tail, 
which are very light, swell out his body, and 
make it appear much larger than it really is. 
I presume his wings, when they are spread, 
are twice or three times as long as his body. 
If you had wings in proportion, it would be 
with the utmost difficulty that you could use 
them at all. You certainly could not strike 
the air with them fast enough to pulí your- 
self up by them." 

'^I did not think that the birds pulled 
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themselves up by the air," said Nathan. " I 
did not kiiow that the air was anything 
reaV^ 

"O yes; it is something real," said his 
father. 

" I've seen birds fly without moving their 
wings at all," said Rollo. 

"Yes," said his father, "and so have I 
seen a stone." 

" A stone ! " repeated Rollo. 

" What, a stone fly ? " said Nathan. 

" Yes," replied his father ; " did you never 
see a stone fly through the air, without any 
wings at all ? " 

" Why, yes," said Rollo, " when somebody 
threw it." 

" Very well," said his father. " If you set 
the stone in motion, it will continué in mo- 
tion for some time, without any wings ; and 
so will a bird." 

" But, father, they don't throw birds," said 
Nathan; and he laughed aloud at such an 
idea. 

" Birds throw themselves," said his father; 
" that is, they strike their wings upon the air, 
hard and quick, and thus get into Very quick 
motion, and then they can keep their wings 

h 3 
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still for a time, and go on, as long as the 
impulse they have given them lasts. This 
shows what prodigious strength they have in 
their wings. They can not only strike the 
air hard and frequently enough to raise them- 
selves up, and move along, but they can do 
it so easily, as to get such a velocity, that 
they can rest their wings for some time, and 
sail away through the air, only expending 
the impulse they had accumulated." 

Rollo and Nathan were silent. Rollo was 
thinking how he had seen the swallows sail- 
ing swiftly roimd and round in the air, with 
their wings spread out motionless by their 
side. 

" So, you see," continued his father, " the 
difficulty in the way of a boy's flying, is not 
the want of wings, but the want of strength 
to use them. It would be very easy to 
make wings." 

" Would it ? " said Nathan. 

*' YeSj** gaid his father. " At least it would 
not be very dificult. Ingenious mechanics 
would soon find out modes of making some- 
thing to answer the purpose of wings, to 
strike upon the air, if there was the necessary 
ix)wer to work them. The great difficulty 
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in almost all cases in mechanics is, in gettíng 
the powerj there is very little difficulty in 
applying ít to any purpose it is wanted for. 
So, you see, next time, Nathan, when you 
want to fly, you must wish, not that you 
had wings, but that you were strong enough 
to use them." 

"Well, father," said Rollo, "men are 
strong enough to paddle themselves along 
in the water ; why can't they in the air ? " 

" Because," said his father, " water supports 
them by its buoyancy, and they have nothing 
to do but to move themselves along upon it. 
But air cannot support them j and, of course, 
a great part of the eflfort which they would 
make, would be required to keep them up. 
And then, besides, the water is gcnerally 
nearly at rest, but the air is generally in a 
State of rapid motion." 

"Why, father," said Rollo, "I'm suro 
water is sometimes in rapid motion. The 
rivers run very swiftly, often." 

" Yes," replied his father ; " but then, when 
they do, men cannot paddle, or row boats upon 
them. A current that should run at the rate 
of four or five miles an hour, would be very 
bard to row against. But the air is seldom 
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in a State of less motion than that. It is 
very often moving at the rate of fifteen oí 
twenty miles an hour ; sometimes sixty. So, 
you see, there is a double reason why men 
cannot fly in the air, as well as paddle on the 
water." 

"If we were only light enough," said 
Rollo, " to float in the air, then we could fly." 

" We could paddle about in it, when it was 
calm," replied his father, "but that would 
not be flying." 

'^Is there anything light enough to float 
in the air? " said Rollo. 

« No,'' said his father, « I don't think of 
any visible substance that is." 

"What do you mean by visible sub- 
stance ? " said Nathan. 

"Why, anything that you can see," re- 
plied his father. "There are some other 
kinds of air, which are lighter than common 
air, but there is nothing else, so far as I 
know." 

"Why, father, there are clouds. They 
float, and they are visible, I am sure." 

" Yes," said his father. " There is some 
mystery about the floating of clouds. I don't 
fiílly understañd it. Clouds are formed of 
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small globules or little balls of water; and 
water, I should think, whatever the size of 
the little drops might be, would be heavier 
than air. And yet they seem to float. If 
they are large, lilíe rain drops, they fall 
quickly to the ground. If they are small, 
like mist, they fall slowly. That I should 
expect. If they are finer still, like vapor or 
fog, I should think that they would fall still 
more slowly ; but still I should suppose that 
they would descend. But they do not ap- 
pear to descend ; they seem to float, nearly 
at rest; though perhaps all the clouds we 
see, may be slowly descending all the time, 
while we do not perceive it." 

" The smoke goes up from the top of the 
chimney," said Rollo. 

" Yes," said his father, " there is no diffi- 
culty about that. The vapor from a fire is 
carried up by the warm air, no doubt. Air 
swells when it is heated, and so becomes 
lighter, and nses ; and the hot air from the 
top of the chimney carries the vapor up with 
ít, no doubt. After it rises a little way, and 
becomes cool, it ceases tO' ascend, but floats 
away horizontally. Perhaps it begins to 
descend when it gets cool, though very 

3» 
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slowly; and perhaps all clonds are really 
descending all the time, though too slowly 
for US to perceive the motion.'' 

"Only," said Rollo, "after a little time, 
they would get down to the ground." 

" Perhaps not," said his father ; " for, vrhen 
they get down nearer the earth, where it is 
warm, they may be gradually dissolved, and 
disappear, and thus never reach the earth. I 
should think they would descend, being 
composed of globules of water, which, how- 
ever small, must, I should think, be heavier 
than air.'' 

'^ A soap bubble will fioat in the air," said 
Rollo. 

" I never saw one that would^" said his 
father, '^ unless it got into a current, which 
carried it up. A soap bubble— make it ever 
so thin — shows a tendency to descend, unless. 
you put it out in the open air, where there 
are currents to carry it up. It descends very 
slowly, but still it descends. It is heavier 
than the air. I am not absolutely certain, 
but I believe there is no visible substance 
that is lighter than the air; and it is very 
well for US there is not." 

" Why, father ? " said Rollo. 
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"Because, if there were any, they would 
immediately rise from the earth, and float 
upwards, till they got up where the air was 
so light and thin, that they could not go up 
any higher." 

"And so," said Rollo, "we should lose 
them." 

" That would not be all," said his father. 
" They would float about, above us, and, if 
there were enough of them, they would form 
a perpetual cloud over our heads, to keep out 
the sun, and to make the world dark and 
gloomy. There seems to have been no way 
to'keep all the solid and visible substances 
of the earth down upon its surface, but to 
make them all heavier thau the air. 

" And thus," continued his father, " all 
solid substances being heavier than the air, 
they sink in it,- like stones or iron in water. 
Only those that are very much expanded in 
surface, sink very slowly, and sometimes 
almost seem to float." 

" What do you mean by expandedy father ? " 
said Nathan. 

" Spread out," said his father. " An um- 
brella, for example, when it is spread out, is 
said to be expanded ; other things are ex^ 
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.panded i.i i little different way. A feather 
is expanded, that is, it ís spread out in fine 
filaments, which extend, in every direction, 
into the air, all around the stem of it. 
Things that are expanded take a great deal 
of air with them when they descend, and so 
can only descend slowly." 

*' And water is expanded in a soap bubble/' 
said Rollo. 

"Yes," replied his father, "and there is a 
great deal of air included in it, which all has 
to be brought down when the bubble itself 
dcscends. And thus, you see, the bubble 
must descend slowly. Water is expanded, 
too, in clouds ] for, in that case, it is divided 
into millions of small partióles, by which it 
is spread out over a great deal of air, and 
cannot descend without bringing a large 
portion of the air with it. Men have con- 
trived, on this principie, tO make an apparatus 
to prevent being hurt by falling from great 
heights." 

" What is it ? " said Rollo. 

" Why, it is called a parachute. It is a sort 
of umbrcUa ; in fact, it is an unbrella, only 
made very large. It is folded up, and fas- 
lened under a balloon, just over the car, which 
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the míin is in. Then, if the balloon bursts, 
or any other accident happens to it, and the 
man begins to fall, the parachute operis and 
spreads, and then the man falls very slowly. 
The reason is, that the parachute takes hold 
of a large mass of air, and brings it down 
with it ; and so it cannot descend very fast." 

A few days after this, Nathan said to Rollo, 
as they were playing in the yard, that he 
wished that he had a parachute. 

" I know where there is one," said Rollo. 

" A parachute," said Nathan ; " a real para- 
chute ? " 

" Yes," said Rollo, " or, what is the same 
thing, a great umbrella." 

" Is that just the same ? " said Nathan. 

" Yes," said Rollo ; " for father said that a 
parachute was in fact only a large umbrella ; 
and father has got a large umbrella in the 
closet, and I have a great mind to go and get 
it for a parachutQ." 

"But you haven't got any balloon," said 
Nathan. 

" O, no matter for that," said Rollo. 

" Then how are you going to get up into 
the air ? " asked Nathan. 
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" Why, I can climb up on the shed, and 
jump off that; and hold tbe tísoibrella over 
my head." - 

Just at this moment, Rollo's couftin James 
carne into the yard, and RpUo lan to him, to 
explain to him about the parachute. After 
describing to him the constniction of it, and 
its use by men who go up in balloons, he 
said he was going to get his father's um- 
brella, which wonld make an excellent 
parachute. 

" And then," continued he, " I am going 
to get upon some high place, and jump off, 
and hold the parachute over my head, and 
then-I shall come down as light as a feather." 

" O Rollo," said James, " I don't believe 
you wül." 

" Yes I shall," said Rollo : " you see the 
parachute is expanded, and so brings down a 
great deal of air with it, and this makes it 
come very slowly. Air is a real thingy 
James, and it keeps the parachute back a 
great deal." 

So Rollo ran off after the umbrella, very 
much interested ín proving to James, by 
actual experiment, that the air was a real 
thing. When he carne with it, he was him- 
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self inclin»! tp make the first experiment 
from the; Üw >fiide of the shed. He could 
cjimb upy^^ rneana of a fence at the comer. 
James adt^sed him, however, to try it first 
firom the end of a woodpile, which was pretty 
high, but yet not so high as the shed. Jaines 
was not quite sure that the experiment would 
succeed, and he was afraid that Rollo might 
get hurt. 

Rollo said that he was not afraid to jump 
oflf the shed. He knew the parachute would 
bear him up. He did not believe but that he 
could jiunp oflF the house with it ; and, at any 
rate, he could jump oflf the shed, he knew. 
He accordingly clambered up, and, taking his 
station upon the eaves, he spread the um- 
brolla over his head, and then jumped oflf. 

Down he carne with great violence; his 
cap flew off in one direction, and his um* 
brella rolled away in another, as he had to 
put out both his hands, to save himself, when 
he reached the ground. As it was, he carne 
down upon all fours, and in such a way, that 
James and Nathan both ran towards him, 
thinking that he must be hurt. 

"Did you hurt yourself, Rollo?'* said 
James. 

4 
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"No,'' said RoUo, "not much." 

"I don't think the umbiella'díA you mucc 

good." 

" No," said Rollo, as he got up rabbing 
his elbows, " it didn't, and I don't see what 
the reason is." 

'^You carne down just as hard as you 
would without it." 

" Yes," said Nathan, " and he almost broke 
his back ; I don't believe the air is any real 
thing at all." 

The fact was, that the umbrella did do 
some good. Rollo did not come down quite 
so hard as he would haré done without it. 
It retarded his descent a little. But it was 
not large enough to enable him to descend 
in safety. When his father said that- a 
parachute was in fact only a large umbrella, 
he meant a great deal larger than Rollo had 
supposed. A parachute, such as is used with 
balloons, is a great deal larger than any 
mnbrella that ever was made. 



<^UE STIONS. 

What was Nathan*i wish, afler he had read his father 
lomething out of his book ? Did he think that he coold 
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fly if he had wings ? Did hís fkther think so ? What de- 
ficiencj did hís fitther think was eyen more important than 
that of wingt if Dfd Nathan think that a boy was stronger 
than a bird ? "la a boy ahschdely stronger than a bird ? la 
he.refinítoeíjf Ébronger' What is the meaning of rdativdy 
atronger I Woold a man be atrong enongh to work winga 
that wera aufficiently large to bear him up into the air ? 
Wotild there be any great difficulty in conatructing winga 
for him if he were atrong. enough i 

la any viaible aubetance lighter than air ? What would 
be the eonaeqnence if any of the loóse aubstances about the 
earth*8 aorface weie light enongh ? What are clouds com- 
poaed of ? What difficulty did Rollo'a father point out, in 
regard to their floating in the air ? What ia a pariickuU f 
Describe RoUo's ezperiment with the umbrella. 
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CBAPTER III. 

VALVE MAKING. 

One moming, when Rollo awaked, he 
heard a sharp clickíng against the window. 

"Nathaa," said he, "Nathan, I helieve 
there is a snow-storm." . 

But Nathan was too deepy to hear or 
understand. 

Rollo looked up, but there was a curtain 
against the windotí^, and he eould not seo 
very well. He listened. He heard a low, 
moaning soiind made by the wind, and a 
continuance of the sharp clicking which he 
had heard at first. 

When he had got up^ and dressed himself, 
he found that there was a violent snow-storm. 
At first he was glad of it, for he liked snow- 
storms. But then, pretty soon^ he was sorry, 
for it had been winter a long time, and he 
was impatient for the spring. 

After breakfast, he and Nathan read and 
studied for two hours, under their mother's 



VALVE ICAKING. 41 

direction. When they were released from 
these dutíes, Rollo proposed to Nathan that 
they should go out into the shed, and see 
how the storm carne on. There was a large 
door in the shed, opening towaids the street, 
where they coidd stand, protected from the 
wind,'and see the driñs of snow. 

They accordingly put on their caps, and 
went. They found that the snow was pretty 
deep. It was heaped up upon the fence 
and against the Windows; and there was a 
curious-shaped drift, with the top curled 
over in a singular manner, ninning along 
from the comer of the dieá towards the 
garden gate. 

" Ah," says Rollo, " when it clears up, I 
mean to go and wade through it." 

" And I too," said Nathan. 

" O Nathan," said Rollo, " if is over your 
head."^ 

"Hark!" said Nathan; "who is that 
pounding in the bam? " 

" It is Joñas, I suppose," said Rollo. " I 
mean to go out and see what he is doing." 

'' How are you going to get there? " said 
Nathan. 

b* 4» 
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" o, I can put on my boots," said Roílo, 
"and go right out through the snow." 

" I wish / could go," said Nathan. 

" Well," said Rollo, " I can canry you on 
my back." 

Nathan clapped his hands at this proposal, 
being doubly pleased at the prospect of both 
gettíng into the bam to see what Joñas was 
doing, and also of having a ride, on the way. 

So Rollo put on his • boots, while Nathan 
went and got Rollo his straps, to fasten his 
pantaloons áround them. When all was 
ready, Rollo sat down upon the step of the 
door, in order that Nathan might get on 
easily. 

"Well play that I am a camel," said 
Rollo, " and that I'm kneeling down for you 
to get on." 

"Do camels kneel down," said Nathan, 
" when the men want to ride ? " 

" Yes," said Rollo ; and so saying, he rose 
laboriously, with his heavy burden upon hi» 
shoulders. He staggered along with some 
difficulty, but yet safely, until he carne to 
the great drift ; and, after wallowing into the 
midst of it, he lost his balance, and both 
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camel and driver roUed over together into 
the snow. The snow got up under Nathan's 
sleeve, and he began to cry. 

" O Nathan," said Rollo, " don't cry. I'U 
nm and get Joñas to come and carry you in." 

So Rollo ran into the bam, and called to 
Tonas to come quick. Joñas laid down his 
hammer upon the bench, and foUowed Rollo. 
He found Nathan in the snow, and took him 
ap in his anns, and carried him into the 
bam. 

As soon as he got him mider cover, he 
brashed the snow off, and told him not to 
cry. " IVe got a fire in the shop," said he, 
"and you shall see me do my work. I'm 
mending the bellows." 

So he led Nathan through the bam, and 
tnence along mider a shed to a sort of shop- 
room, where there was a large fireplace and 
a fire. Rollo put on some sticks, which 
made a great blaze ; and so Nathan soon got 
warm and dry, and forgot all his troubles. 
Then Joñas sat him up, upon a high stooL 
near the bench, where he could see him work. 
He was just drawing out some of the nails, 
by which the leather of the bellows was 
nailed to the sides. 
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" What is the matter with the bellows ? " 
said Nathan. 

" The valve is out of order," replied Joñas. 

" The valve,'* repeated Nathan ; " what is 
the valve ? " 

"The valve is a kind of clapper," said 
Joñas. "I will show it to you in a few 
minutes." 

So Joñas proceeded to take off the leather 
firom one of the sides of the bellows. There 
was a hole in one of the sides, but no hole 
in the other. Nathan had often noticed the 
hole, but he did not know what it was for. 

" What is the hole for ? " said Nathan. 

" That is to let the air in," said Joñas. 

" What do they want the air to come in 
for ? " said Nathan. 

"To make wind of," said Joñas. 

" Do they make wind out of air ? " said 
Nathan. 

" Yes," said Joñas, " they get the bellows 
full of air, and then blow it out thicough the 
nose, and that makes wind." ^ 

" Wind is air, put in motion," said Rollo. 
" I read it in a book." 

" By this time, Joñas had taken off the 
í^ather so far that Nathan ceuld see into 
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the bellows. He saw that there was a little 
clapper over the hole, in one of the sides of 
the bellows. 

" Is that the valve ? " said he to Joñas. 

" Yes," said Joñas. 

" What is it for ? " said Nathan. 

" It is to keep the wind firom coming out 
of that hole.'' 

" Why don't they want the wind to go 
out of that hole ? " said Nathan. 

" Because/' said Joñas, " they want it to 
go to the fire, — to blow the fire," 

" You see," said RoUo, " it can't go out 
of the hole, and so it has to go out of the 
long nose, which is pointed towards the 
fire." 

" What n»kes it go out at all ? " said 
Nathan. 

•" Why, when we blow the bellows, we 
press the two sides t<^ether, and that presses 
the wind out. It can't go out of * the hole 
whence it carne in, because the clapper stops 
it up, and so it goes out the long nose, right 
into the fire, and makes the fire bum." 

By this time, Joñas had got the leather off 
80 far, that he could get at the clapper to 
mend it. He told the boys that it wat 
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oíd and wom out, and he must make a 
new one. 

'' How are you going to make it ? " said 
Rollo. 

"You'll see,'' said Joñas, "if you watch 
me closely." 

So Joñas took some leather, and cut out a 
piece, of an oblong shape, a little wíder than 
the hole, and about twice as long. Then he 
laid this down -over the hole. . It covered it 
entirely. Then he took some small carpet 
nails, and nailed one of the ends of thé 
leather down to the board. Then Joñas put 
his hand down nnder the board, and nm one 
of his fingers up through the hole, and pushed 
the leather up a little way. 

" There," said he to the boys, " you see 
I have nailed the leather, so that, when it 
lies down ín its place, it covers the hole com- 
pletely ; and yet I can push it up a little with 
my fingers, so that there will be an opening." 

Then Joñas cüt a small leather strap, and 
nailed one end of it down upon one side of 
the clapper, and the other end upon the 
other side of the clapper. He put one little 
carpet nail into each end of the strap. The 
strap, when it was nailed, passed directly 
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across the clapper or valve. It was not 
drawn tight across, but it lay upon the clap- 
per loosely. The ends were nailed tight, 
but the middle rested loosely upon the 
clapper. 

"Now," said Joñas, "I can pQsh the 
clapper up a little way, but I can't push it 
far. The strap keeps it firom coming up 
far." 

" But why," said Nathan, " do you want 
it to go up at all ? " 

" To let the aúr in," said Joñas. " When 
I get the leather all nailed on again, I'U show 
you the whole operation of it." 

'< And you can be telling us about it in the 
mean time," said Rollo. 

*^ Well, then," said Joñas, " when I lift up 
the upper side of the bellows by the handle, 
to blow, the air comes in by the hole. The 
clapper lifts up a little way, and lets it in. 
Then, when I juress down the handle again, 
it presses the air out llirough the nose, be- 
cause it can't go baek through the valve 
hole." 

^' Why not ? " said Nathan. 

'^Because," said Joñas, ''the valve falls 
down over the hole, and stops it up. It i» 
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made so as to lift up easily, and then to fall 
down and cover the hole exactly, and prevent 
the air going óut the same way it carne in. 
So, as it cannot get out by the valve, it has 
all to go out through the nose. If the nose 
were stopped up, it could not get out 
at all." 

" And what then ? " said Rollo. 

" Why, then," replied Joñas, " you could 
not bring the two sides of the bellows together 
again. The air between would keep them 
apart." 

" I should like to try," said Rollo. 

" Well," said Joñas ; " and there are some 
other experiments you may perform with it 
too." 

At length. Joñas said that he had got the 
leather all nailed on, and they might try the 
experiment. He took liold of the nose of the 
bellows, and held his thumb near the end of 
it, ready to stop up the hole. 

" Now, Nathan, you may take hold of the 
handles, and pulí them apart as íf you were 
going to blow." 

Nathan did so. He puUed the handles 
apart, and held them open. 

"Now," said Joñas, "I will stop up the 
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nose, and the valve will cióse itself ; and then 
you will find that you cannot bring the sides 
together again." 

So Joñas put his thumb over the hole, and 
told Nathan to blow. 

Nathan pressed hard, and the sides carne 
tQgether again, about as easily as usual. 

" What ! " exclaimed Joñas with surprise. 
He did not know what to make of the failure 
of hís experiment. 

" There must be a leak somewhere," said 
he. And he took the bellows out of Nathan's 
hand to look for it. 

He found there was a córner, on the side 
opposite to the one where he had been work- 
ing, where the leather was open, he having 
forgotten to nail it down. 

" Ah ! " said he, " here is the difficulty. 
When I have nailed this down, we will try 
again." 

" Is that a leak ? " said Nathan. 

"Yes," said Joñas. " When you worked 
the bellows, you pressed the air all out 
through there. I did not Jcnow that that 
was open. Let me nail this down, and then 
we wül begin our experiment regularly." 
c 6 
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^UE STI ONS. 

What was Joñas doing in the shop, when Rollo and 
Nathan went out to fínd him^ What part of the bellowi 
was oat of order? How did he make a new valve ? How 
did he íasten it to its place ? Did he nail down only one 
edge, or both edges ? Why did he want the other edge to 
be lefl at liberty ? How did he prevent its liñing np too 
far? What was the ^rst ezperiment which he performed 
with the bellowsy after he -had finiídied the mending ? Did 
it succeed at first ? Why noi P In working a pair of bel- 
lowsy where does the air come in ? Where does it go ont ? 
Why cani\ot the air escape thrpogh the ralve where it 
oonies hkf 



61 



CHAPTER IV.. 



PERIMENTS. 



When Joñas had finished nailing down 
the córner, he said, " Now there are several 
experiments, which we can perfonn with th§ 
bellows. I will be the professor, and you 
two shall be my class in philosophy, and I 
will direct you how to make ttíe experi- 
ments. 

"First," said Joñas, "you, Rollo, may 
take hold of the nose of the bellows with 
your hand, in such a way as to put your 
thumb over the end of it, to stop it up, and 
then let Nathan try to blow." 

Rollo did so, and Nathan tried to blow. 
He found that he could open the bellows 
very easily ; but wJien he attempted to press 
the sides together again, he could not. He 
crowded the handle belonging to the upper 
side down, as hard as he could, but it would 
not move. 

" What makes it do so ? " said Nathan. 
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" The air inside," said Joñas. " We have 
stopped up aJl the places, where it could get 
out. The valve stops itself. Rollo stops the 
nose with his thumb, %d I have nailed the 
leather doTvn cióse, ahout all the sides. And 
so the air can't get out, an¿^|hat keeps you 
from bringing the sides together again^^' 

NathaxiL tried again with all his strength. 
The sides carne together very slowly. 

" They're coming," said he. 

" Yes," said Joñas. " They come a little, 
just as fast as the air can leak out through 
the little leaks all around." 

^' I thought you stopped all the leaks/' 
said Nathan. 

" Yes," replied Joñas, " I stopped all the real 
leaks, but still I can't make it perfectly tight 
Some air can escape between the leather and 
the nails all around, and just as fast as it can 
get out, so fast you can press the sides to- 
gether, and no faster." 

Here Nathan tried again with all his 
strength ; but he could only bríng the sides 
together very slowly. 

^^ Now comes the second experimenta'' said 
Joñas. " While Nathan is trying to press * 
the two handles together, you, Rollo, may 
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run your finger into the hole, and push up 
the valve a little." 

Rollo did so. He poshed up the valve a 
little with his fingen and that allowed the 
air to escape through the opening. ^The 
consequence was, that the bellows collapsed 
at once iinder the pressure which Nathan 
was exerting upon them. 

" There," said Joñas, " you see that when 
the air is kept in, you cannot bring the sides 
together; but when I let the air out, then 
they come together easily." 

"Yes," said Nathan; "do it again, 
Rollo." 

So they performed the experiment again. 
Nathan pulled the handles apart wide, whüe 
Rollo kept his thumb o\rer the nose, to keep 
the air from issuing through. Then Nathan 
tried to press them together ; but he could not, 
until Rollo put his finger tmder, and pushed 
up the valve a little, and then they carne 
together again very easily. 

" The air is a real thing, I vefily believe," 
said Nathan. 

" Yes," said Rollo, " I know it is. And 
now for the third experiment, Joñas." 

"The third experiment," said Joñas, "is 
6» 
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thisu Tum the bellows bottom upwards, 
and try to blow." 

Nathan did so. He fornid that he could 
work the bellows easily — too easily, in fact ; 
but they did not blow. 

'^ Hold your hand opposite the nose, and 
see if any wind comes/' said Joñas. 

They did so f there was no wind, or rather 
scarcely any. 

" The reason is," said Joñas, " that, when 
the bellows are bottom upwards, the valve 
hangs down' off from the hole all the time, 
and lets the air all out through the hole in 
the side; and it can come out more easily 
there than through the nose, and so it don't 
blow well." 

*' Well, Joñas," said Rollo, " that's a pretty 
good experíment ; but what is the next ? Let 
me try the next. Nathan, it is my tum." 

"The next experiment, which is the 
fifth, " 

"No, the fourth," said Nathan. 

"The fourth, then," said Joñas, "is to 
pro ve what I said to you — that the air, which 
is blown out at the nose of the bellows, really 
comes in through the valve. Let me see, — - 
I want something to make a smoke." 
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" Will not paper do ? " said Rollo. 

" Yes," said Joñas, " here is some brown 
paper, which will do." So Joñas rolled it up, 
and told Rollo to set it on fire, and then, when 
it was well burhing, to step on it with his 
foot, and put the ñame out. 

Rollo did so^ and the paper lay in a heap, 
miiking a great smoke upon the hearth, just 
before the fire. 

" Now," said Joñas, " put the bellows upon 
its edge, by the side of the paper,. so as to 
have the valve near the smoke, and then 
hold still a minute, until the smoke comes 
up steadily by the valve." 

When this was done. Joñas told Nathan 
to take hold of the nose of the bellows, to 
steady it, so that Rollo could blow. He then 
directed Rollo to lean the bellows over a little 
towards lhe^ smoke, so that the moving side 
should not rub upon the hearth, when he 
began to blow. 

" Now," he continued, " if you work the 
bellows, you will see that the smoke will be 
drawn in through the vtíive, and then will 
come out through the nose." 

This experiment succeeded perfectly well, 
only just in the midst of the interest that 
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they felt, in seeing the smoke come pouring 
out through the nose, they heard a bell ring 
at the house. They knew at once that this 
bell was for Rollo and Nathan ; and so the 
two boys jumped up from the hearth, and ran 
out lo see what was wanted. They went 
through the shed íntó the bam, and thence 
on till they carne to . the great bam door, 
where they had come in. Thcre Rollo 
stopped, — for he did not like to go out into 
the snow, — and asked Dorothy, who was 
ringing the bell, what she wanted. 

*' Where's Nathan ? " said Dorothy. 

" He's here with me," said Rollo. Nathan 
was coming along, as fast as he could, through 
the bam. 

'^ Do you want us ? " said Rollo. 

"No," said Dorothy, "only we did not 
know where you were. You may stay half 
an hour more, and then it will be nearly 
dinner time." 

Dorothy then went in, leaving the boys at 
the great bam door. The door opened in 
such a direction, that the wind did not blow 
in; and Rollo and Nathan looked out for 
some time, watching the falling snow, and 
listening to the wind, as it roaied through 
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the tops of the trees. At last, when they 
began to think of returning to the shop, 
Rollo said, — 

" O Nathan, let us go and hide, and then 
Joñas will not know where we are." 

" Well," said Nathan, <*we wúV 

The boys accordingly began to Ipok about 
the bam for a place to hide. It was a large 
bam, with stalls for oxen and cows, and cribs 
for horses, and one or two calf-pens. Then 
there was a granáry in one comer, aind a tool- 
room near it, and lofts and scaffolds above. 
The boys found plenty of places to hide in, 
and it took them some time to decide which 
to choose. At last, they found a good warm 
place, by some bundles of wheat straw, 
up in the barn chamber; and they amused 
themselves by choosing out large straws, and 
making tubes of them to blow through 
They called them their bellQws. 

They entirely forgot that they.were hid 
from Joñas, for nearly half an hour ; and then 
Rollo proposed that they should creep softly 
down, and see what Jonaa was about. So 
they went down stairs on tiptoe ; Rollo first, 
and Nathan following. They crept softly 
along to the door leading out into the shed, 
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through which they had to pass in order to 
get to the shop ; and Rollo was going to open 
this softiy, when, to his surprise, he found it 
fastened. 

"Why, Nathaa," said he, "this door is 
fasteued." 

" How carne it fastened ? " said Nathan. 

" I don't know," said Rollo, " unless Joñas 
fastened it. I think he must have finished 
his work, and gone into the house ; and so 
he has fastened this door." 

" And now he won't come and find us," 
said Nathan. 

" No/' said Rollo, " and tire must go out 
the front door. And I don't caie much," he 
continued, "for it is pretty near dinner time." 

The boys then went báck to the front door 
of the bam, and, to their surprise and alarm, 
found that &8tened too. 

" What shall we do ?" said Rollo ; " Joñas 
has fastened us in." As Rollo said this, his 
face assumed an expiession of great solicitude, 
and Nathan began to cry. 

" Don't cry, Nathan," said he ; " we can 
find some way to get out. But I don't see, 
I confess, what made Joñas lock us in." 

The truth was, that Joñas did not know 
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that the boys were in the bam when he 
fastened it up. As they did not come back 
after they had gone to ansvrer the bell, he 
supposed that they had gone into the house ; 
and when he was ready to come in himself, 
he shut and fastened the back doors of the 
bam, as he usually did when he left the shop. 
He then came around to the front bam door, 
and although that was on the sheltered side, 
so that the wind did not blow in, he thought 
it possible that the wind might chango, and so 
drive the sno w in upon the bam floor ; . and 
therefore, to make all safe, he thought that 
he would shut them, too. He accordingly 
shut the great doors, and put the fid into the 
staple. The fid is a wooden pin, to be passed 
through the staple when the doors are shut, 
to fasten them. The doors cannot be oponed 
again until the fid is taken out, 

Rollo went all around the bam, trying to 
find some place where he could get out ; but 
he could not find any place at alL 

'< Let US go up stairs," said he, at length, 
to Nathan. 

"O, it will.not do any good to go up 
stairs," said Nathan. " It would kill us to 
jump out the window." 
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" I know we can't jump out the window," 
said Rollo, '' but perhaps we- can find out 
some way to get down. O, there is a ladder ; 
I remember now, Nathan, there is a ladder. 
We can get down from the window by the 
ladder." 

'^ I shall be aíraíd to go down the ladder,'' 
said Nathan. 

'^ O no," said Rollo, ^* I will go first, and 
see if it is safe." 

By this time they had reached the bam 
chamber. There was a window in it, with 
glass, over the great bam door; but Rollo 
could not get it open. He told Nathan that, 
if he could only get it open, and could find 
a loc^ poie, he could reaóh it down, and 
knock the fid out, and so open the great 
doors. But, with all his efforts, he could not 
raise the window. 

There was another window, which had no 
glass, but was dosed by a wooden shutteri 
which opened upon hínges like a door. 
Rollo said he meant to open this window. 
Now, it happened that this window was upon 
that side of the bam which was expoaed to 
the wind and storm ; and, the moment that 
Rollo had pushed open the shutter a little 
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way, the wind forced it instantly from his 
hand, and slammed it back against the side 
of the bam, with great violence. It almost , 
puUed Rollo himself out of the window. 

Nathan looked frightened. Rollo himseri 
looked somewhat astonished at such an un- 
expected effect ; but presently said, — 

" Well, Nathan, I rather think that, if you 
had had hold of that shutter/ you would 
have thought that air was a real thing." 

"O, that was the vnnd, Rollo; that was 
the windy^^ said Nathan. 

Rollo did not answer, but went to the 
ladder, which was standing itp against the 
hay-loft. It was a pretty long, but yet a 
very light ladder; and Rollo and Nathan 
succeeded, after some diíficulty, in getting it 
down, and in nmning the end out of the 
window. When the lower end reached the 
grouñd, the upper end, was two or three feet 
above the bottom of the window ; so that 
Rollo could easily get upon it to descend. 
The wind and storm, which raged with 
great violence, were somewhat terrifying ; 
but he knew that the ladder was secure, the 
upper part being confined in the window; 
and so he resolutely descended. When he 

6 
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had £Bdrly~reached the ground, he looked Jip, 
with an expression of great satisfaction upon 
his countenance, and said, — 

" There ! now, Nathan, for your tum.'' 

Bat Náthan was afiraid to vexiLtuie; and 
Rollo himself was half afiraid to have him 
make the attempt Whfle they were stand- 
ing in this perplexity, Rollo heaid a voice 
behind him, calling out, — 

" Rollo." 

Rollo tamed, and saw Dorothy standing 
by the door. 

" What are yon doing, Rollo ? " said 
Dorothy. 

^' I am trying to get Nathan out of the 
bam," said Rolla 

"How carne he in the bam?'^ said 
Dorothy. 

^ Why, Joñas locked os in, and I had to 
come down the ladd«r ; bat Nathan is añaid, 
and I canH get him out" 

** Why don't yon go to the door, and let 
him right out ? " 

"O," said Rollo, langhing, "I never 
thought of that Go down, Nathan," he 
continued, " to the door, and I will go round 
and knock out tiie fid." 
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So Nathan went down, and Rollo, meeting 
him there, knocked out the fid, and leleased 
him fix>m his imprisonment. 



^UK STIONS. 

WlMt ^WM the fint ezperiment with the bellows, de- 
■cribed in tfaki cfaafAer ? Why ecrald not Nathan presa the 
two ndea of the bellowa together, while the nose waa 
Btopped ? What wma the aecond experíment ? What waa 
the efieet pcodnoeá hj tnming the beUowa bottom npwarda, 
as in the thiid experiment ? What waa the foorth experi- 
meni ? What waa the «ae of the amoke of the paper ' 
How were the experimenta inteimpted f What eTÍdenca 
did RoQo Bod Xathan have that the «ir waa a real laW 
stanoe. when in the ham ehanbar ? 
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CHAPTER V. 

PRESSURE. 

One evening, jüst after tea, Rollo carne lo 
his father, who was sitting by the síde óf the 
fire, and said, — 

" Pather, I wish we could see the air, as 
we can the water, and then perhaps we could 
try experiments with it." 

'^ O, we can try experiments with the air 
as it is," said his father. 

" Can we ? " said Rollo ; " I don't see 
how." 

" We cannot see the air, it is true ; but 
then we can see its effects, and so we can 
experiment upon it." 

" Well, ' at any rate," said Rollo, " we 
can't build a dam, and make it spout through 
a hole, like water." 

" No," said his fáther, " not exactly. In 
your dam, for instance, whén it was full, you 
had water on one side of the board, and no 
water on the other ; and then, by opening a 
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hole m ihe beaid, the water spouted through ; 
but we cannot very well get air on one side 
of a partitíon, and no air on the other j if we 
could, it woold í^ut through very moch as 
the water did." 

^' Wl^y can't we do that, sir ? " said Rollo. 

'' Becaüse,'' replied his &úier, ^^ we are all 
smrounded and- enveloped with air. Jt 
sp^eads in every direction^all aronnd us, and 
rifles 'many mües^above us. Whereas, in 
respect to water, yod had one little stream 
before yon, which ypu eould manage jnst 
as you pleasGfd. If 3rou weie .4own at the 
bottom éf the sea, then the. water wonld be 
all aroond yon and aboye you^ and tbere, 
even if yon could liye there/ you cbuld jiot 
have a dam." 

<' No> sir/^ said Rdlp, ^ the water would 
be everywhere." 

'^ Yes,'' replied liis &theri ",and the air is 
everjrvhOTe. If, however, we could get it 
away fiom any place, as,'fbr instance^ fiom 
this room^ then bore a hole through thé wall, 
the weight of the air outside would crowd a 
portion of it through the hole, exactly as the 
weight of the water ábove the board in your 
c* 6* 
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dam crowded a part through the hole in the 
board." 

" I wish we could try it," said Rollo. 

"We can try it, in substance," said his 
father, ''ín tnis room; or — no, the china 
closet will be better." 

There was a china closet, which h«d two 
doors in it. One door opened into the par- 
lor, wheie Rollo and his father weie sitting. 
The other door opened into the back part of 
the entry. Rollo's father explained how he 
was going to perform the experiment, thus : -— 

" If we could, by any means, get all thé 
air out of the closet for a moment, then the 
pressure of the air outaide wouM forcé a jet 
of it in through the key-holes of the doors, 
and the crevicps." 

'^ And how can we get the air out ? " said 
Rollo. 

"We ''an%" said his father, "get it all 
out ; but we can get a part of it out by shut- 
ting the door quick. The door will carry 
with it a part of the air that was in the 
closet, and then the outside air will be 
spouted in, through the key-hole of the 
other door. Only we can't see it, as we can 
the water." 
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'^No," 8aid JEtoUo; '^but I caa^put my 
hand theie, and feel it" 

*^ A better way," saáá hia fatheri '^ would 
be to hold a lampoppoaíte to the key4iol6| 
and aee if it blows the flame." 

Rollo tried the experimesiti in the, watr 
hi8 fafiíer had deaeribed^ Ht9L went into the 
doset with the lamp. He h^ld the lamp 
oppoflite to Iha key-holey aad pretty near to iu 
and then he aaked Nathan to ahut the othte 
dooF auddeidy. N^than, who was atanding 
all leady by the other door, which waa 
about half . epen, pat his two llanda i^ainat 
it, and paahe(i it to, /with all hia strength, 
ptHlucing a gzeat ooncusaicm. 

'^O Nathan," said his father, ^^you need 
not be quite ao Tk>lent.4Ui thatr" 

^' It saeceede^ íatheri it aocceeded," said 
Rollo. 

" I'm glad it flucceeded," said hia fis^ther ; 
'^but Nathan needi itot haré abut the door 
with 80 much forcé."' 

'^ I wanted to drire ont all the aÍTi" aaid 
Nathan. _ , 

^^111 show yon h^.to doiti" aaid hü 
&ther. > . ^ ■• 

RoUo'a fiíthes- acc(»dingly atoaa, and $aiM 
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to the doset door. He opened the door wide, 
and then exjdained to the boys, that the be- 
ginning of the movement of the door, when 
it was wide open, did not drive.out any air. 

'^ For," said he, 'Vthere is so laj^e a space 
between the edge of the door and the wall, 
that the air that is put in motion by the 
movement of the door, can pass directly 
romid the edge, back into the closet again. 
It is only when the door is ahnost shut, 
when the edge of it comes cióse to the cas- 
ii^ all around, that the movement of the 
door drives the air out." 

Then he took hold of the latch of the 
door, and put it almost to, very gently. He 
tumed the latch so as to preventits snap- 
ping against the catch, and then pushed it 
suddenly into its place three or four times, 
opening the door only a very little way 
every time. 

" Now," said he, " hold the lamp at the 
key-hole, and watch the flame, while I shut 
the door two or three times in this way." 

Rollo did so, Nathan standing all the 
time by his side. They observed that the 
flame of the lamp was driven into the room 
every time the áoos was shut ; proving that. 
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every time a little of the air was driven out 
by the door, a little puff rushed in at the 
key-hole. 

" Let US stop up the key-hole," said Rollo, 
" and then it can't get in." 

" Yes," said his father, " there are a great 
many little crevices all around the closet, 
where the air can come in." 

" Couldn't we stop those up too ? " said 
Rollo. 

" No," said his father, " not so as to make 
the closet air-tight. Por, if the crevices 
could all be stopped exactly, the air would 
come in through the very wood itself." 

'' How ? " said Rollo. 

" Why, there are little pores in wood, that 
is, little channels that the sap flowed in when 
the wood was growing, and the air can pass 
through these." 

Here RoUo's father observed that Rollo 
was looking very intently at the table ; and 
he asked him what he was doing : he said he 
was trying to find some of the pores. 

" You can't see them there '' said his fa- 



ther. " St. Domingo mahogany is a very 
hard and close-grained kind of wood. If it 
was summer, and you could dig down and 
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get a small piece of the root of ihe great elm- 
tree in the yard, you could see the poies and 
channels there.*' 

After some more conversation on this sub- 
Ject, Rollo asked his father if he could not 
think of some other experiments for them to 
try. His father said that he díd not jnst then 
think of any experimenta but that, if Rollo 
and Nathan would come and sit down by the 
fire, he would give them some information 
on the subject. Rollo's mother said that 
she should like to hear too. They accord- 
ingly waited until she was ready, and then, 
when all were seated, Mr. Holiday began 
thus: — 

'< Air is in many respecta much Uke watw." 

'' Yes," interrupted Rollo, <^ just like wa- 
ter, only thinner, because, you see •: " 

''You must not interrupt me," said his £bi- 
ther, '' unless to ask some question, which is 
necessary to understand what I say. It is 
entirely irregular for a pupil, instead of listen- 
ing to his teacher, to interrupt, in order to 
tell someihing that he knows himself." 

Rollo's fisither smiled, as he said this, but 
Rollo looked rather ashamed. Then his fa- 
ther proceeded : -— 
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" There is one very remarkable difference 
between them. Water is not cómpressible 
by forcé ; but air is." 

" What is the meaning of cómpressible ? " 
said Nathan. / 

" Cómpressible things," said his father, " are 
those that can be compressed, that is, pressed 
together, so as to take up less room than they 
did before. Sponge is cómpressible. A pil- 
low is cómpressible. But iron is not cóm- 
pressible, and water is not cómpressible." 

"I should think it was,"said Nathan ; "it 
is very soft." 

" It is very yícWñig*," replied his father, 
" when you press it, but it is not pressed into 
any smaller space. It only moves away. 
If you have a tumbler half fuU of water, and 
press a ball down into it, yoU could not 
crowd the water into any smaller space than 
it occupied at first ; but, as fast as the ball 
went down, the water would come up around 
the sides of the ball." 

" But suppose," said Rollo, " that the ball 
was just big enough to fit the tumbler all 
around ; then the water could not come up." 

" And then," said his father, " you could 
ttot crowd Ihe ball down." 
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"Could not a very strong man?" said 
Nathan. 

" No,'* replied Iris father, " the water can- 
not be sensibly compressed. But now, if the 
tumbler contained only air, and if a ball wcre 
to be put in at the top, just large enough to 
fit the tumbler exactly, and if a strong man 
were to crowd it down with all his strength, 
he wouldi perhaps, compress the air into half 
the space which it occupied^fore." 

" Perhaps the tumbler would break," said 
Nathan. 

" Yes," replied his father, " and the tmnbler 
will answer only for a supposition ; but for a 
real experíment it would be best to have a 
cylinder of iron." 

" What is a cylinder ? '* said Nathan. 

" An iron vessel, shaped like a tumbler, 
only as large at the bottom as it is at the top, 
would be a cylinder. Now, if there was a 
cylinder of iron, with the inside turned per- 
fectly true, and a bra^s pistón fitted to it " 

" What is a pistón ? " said Nathan. 

"A pistón," said his father, "is a sort of 
stopper, exactly fitted to tlie inside of a cyl- 
iiider, so as to shde up and down. It is made 
to fit perfectly, and then it.is oiled, so a3 to 
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go up and down without much friction, that 
is, hará rubbing. There is a sort of stem coni' 
ing up from the middle of the pistón, called 
the pistón red, which is to draw up the pistón, 
and to press it down by. 

" Now," continued his father, " if a strong 
man had a cylinder like this, with a pistón 
fitted to it, and a strong handle across the top 
of the pistón rod, perhaps he might press the 
air into one half the spaee which it occupied 
before. That is, if the cylinder was full of 
air when he put the pistón in, perhaps he 
could get the pistón down half way to the 
bottom. Then the air would be twice as 
dense as it was before ; that is, there would 
be twice as much of it in the same space as 
there was before. It would be twice as com- 
pact and heavy. This is called condensing 
air. The philosophers have ingenious instru- 
ments for condensing air. 

" If, however, a man condenses air in this 
way, by crowding down a pistón, he does 
not begin the condensation when the pistón 
begins to descend. The air is condensed a 
great deal before he begins. All the air 
tround us is condensed." 

'^ Hów comes it condensed ? " said Rollo. 
d 7 
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" Why, you recoUect that, when you bored 
a hole throi^h the boaxd in the bottom of your 
dam, the water spouted out." 

" No, father," said Rollo, " we pulled the 
plug out ; Joñas bored the hole." 

" Well," said his father, " the water spout- 
ed out." 

" Yes," said Rollo. 

" What made it ? " said his father. 

" Why, the water above it was heavy, and 
pressed down upon it, and crowded it out 
through the hole." 

"Yes," said his father, "and the deeper 
the water, the more heavily it was pressed." 

" Yes, sir," said Rollo, " and the farther it 
spouted." 

"Because it was pressed down by the 
load of such a high column of water." 

" Yes, sir," said Rollo. 

" Well," replied his father, " it is just so 
with the air. The air all around us is pressed 
down by the load of all that is aboye us. 
We are, in &ct, down at the bottom of a great 
ocean of air, and the air here is loaded down 
very heavy." 

" How heavy ? " said Rollo. 

*^ 0| very heavy indeed," said his father. 
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" Why, air is pretty light," said Rollo. 

"Yes," replied his father, "but then the 
column of it is very high." 

" How high ? " said RoUo. 

"Why, between thirty and forty mileig. 
But it grows thinner and thinner towards the 
top ; so it is not as heavy, by any means, as a 
column of air would be, thirty miles high, 
and as dense all the way up as it is here." 

" What makes it grow thinner and thinner 
towards the top ? " said Rollo. ' 

"Because," said his father, "that which is 
near the top, has not as much load of air 
above it, to press it down." 

"And that which is at the top," s^dd 
Rollo, "has none above it, to press it down." 

" No," replied his father. 

" And how thin is it there ? " 

' Nobody knows," said his father. 

' What, nobody at all ? " said Nathan. 

" No, I beüeve not ; at least I do not ; and 
I don't know that any body does." 

" How do they know, then, how high it 
is ? " said Rollo. 

" The philosophers have calculated in 
some way or other, though I don't exactly 
know how. I believe they have ascertained 
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how great the pressure of the air is here at 
the surface of the earth, and have calculated 
in some way, from that, how high the air 
must be to produce such a pressure." 

" And how high must it be ? " said Na- 
than. 

" Why, between thirty and forty miles/' 
said Rollo ; " father told us once." 

" And yet," continued his father, " water, 
thirty or forty feet deep, would produce as 
great a pressure as a column of air of thirty 
or forty miles. That is, the air around 
presses about as heavily, and would forcé a 
jet of air through a hole with about as much 
forcé, as water would, coming out at the 
bottom of a dam, as high as a common three- 
story house." 

These explanations were all very interest- 
ing to Rollo and to his mother ; but Nathan 
found ít rather hard to understand them all, 
and he began to be somewhat restless and 
uneasy. At length he said, — 

'^ And now, father, haven't you almost done 
telling about the air? " 

" Why, yes," said his father ; " I have told 
you enough for this time; ony you musí 
xemember it all." 



PRESSUBE. 77 

"I don't think I can remember it quite 
all," said Nathan. 

" Well, then, remember the general prin- 
cipie, at any rate," said his father, "which 
is this — that we live at the bottom of a 
vast ocean of air, and that the lower portions 
of this air are pressed down by the load of 
all the air above ; that, being so pressed, the 
lower aú: is condensed, — so that we live in 
the midst of air that is pressed down, and 
condensed, by the load of all that is above it ; 
and that, consequently, whenever the air is 
taken away, even in part, from any place, 
as you removed some of it from the china 
closet, the pressure upon the air outside 
forces the air in through every opening it 
can find." 

'^ I think that is a little too much for me 
to remember," said Nathán. 

Nathan's father and mother laughed on 

hearing this, though Nathan did not know 

what they were laughing at. His father 

told him that he could not expect him. to 

remember all ; and that, to pay him for his 

particular attention, he woold tell him a 

story. 

So he took Nathan up in his lap, and t< 
7# 
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him a very curious story of a boy, who went 
abOut the yard with a little dog upon one of 
his shoulders, a cat upon the other, and a 
squirrel on his head. The squirrel was 
tame* 



QUE STION9» 

Why cannot experimenta be performed npon the pre»* 
Bore of air, as conveniently as upon the pressure of water ? 
How did Rollo's father contrive to remoye a part of the air 
from the china closet P Where did they ezpect that the 
air would be forced into the closet? How were thej to 
make this eífect visible? Did the ezperíment succeed? 
Suppose the key-hole had been stopped up; where would 
the air have been forced in ? Suppose all the creyices had 
been closed. Is water compressible ? Is air compresfti* 
ble ? Wl^at is the shape of a cylinder ? What is a pistón ? 
How núght air be compressed by means of a cylinder and 
pistón? What was the general principie which Rollo*» 
father stated, in ooncliunon? 
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CHAPTER VI. 

BALLOONING. 

The next evening, Rollo and Nathan hi d 
another conversation with their father, re- 
specting air. When they were all seated, he 
commenced as follows : — 

"I told you yesterday, that air may be 
compressed by forcé, while water cannot be. 
It hEis another property, which is in some 
respects the reverse of this. It springs back 
into its original bulk, when the pressure is 
removed." 

" How ? " said Nathan ; " I don*t exactly 
understand you." 

" Why, you remember what I said about 
the experiment with the iron cylinder and a 
pistón to fit it." 

" Yes, sir," said Rollo. 

"What was the expenment?" said his 
father. 

" Why, if a man were to press the pistón 



so 



down hard, he could crowd the air all into 
the lower half of the cylinder." 

" Yes," replied his father. '* Now, the 
property I am going to tdl you ábout this 
evening is this — that, if the man lets go of the 
pistón rod, the air that is condensed into the 
bottom of the cylinder, wül spiing up, and 
fcrce the pistón up again. This property is 
called elasticUf. It is sometimes cailed the 
expansive /orce of the air. For it is a forcé 
tending to expand the air, that is, to sweli it 
out into its original dimensions. This is 
another great difference between air and 
water. 

'' Now, as all the air aronnd ns," continued 
Rollo's iather, "is pressed down very heavily, 
and is condensed a greaí deal, it is all the 
time endeavoring to esjiand ; and it would 
expand, were it not that the great burden of 
the air above it keeps it condensed. But 
water is not compressed, and has no tendency 
to expand. The water of Rollo's dain, for 
instance, had all the weight of the atmos- 
phere resting upon it, but it did not compress 
it at all, and so it did not tend to expand. 

"And now," said his iather, "I cannot 
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perform any experiment, to show you that 
air tends strongly to expand or sw«ll out into 
a great space, while "water does not ; but I 
can make a supposition, which will illustmte 
it. Suppose we faad a large, but very thiii, 
glass bottle, filled with water, and put down 
upon tlie floor in the middle of this room. 
Suppose, also, that we had aaother bottle, of 
the same size and shape, fiiled with air, and 
we put tiíat down upon the floor by the side 
of the otiíer ; both bottles being stopped very 
tight. Now, if we couM by any nieans sud- 
denly take away all the air from tbe room, so 
that there should be nothing around the bot- 
tles, then the bottle of water would remain 
just as it is, for the glass would have nothing 
to support but the weight of the waí^, and it 
would be strong enough for that But the 
bottle of air would ñy all to pieoes ; for that 
would not rest quietly, like the water, satis- 
fied with the space which it alieady has, and 
only pressing with its own weight upon the 
sides of the glass ; but it would immediately 
expand with so much forcé as to tffeak the 
thin glass all to pieces." 

<< Would it ! '' exclaimed Rollo ai^d Nathaa 
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together. "And would it make a loud 
noise ? " 

" Yes," replied their father, " I presume it 
would make a loud explosión ; that is, if the 
air in the room around it could by any 
means be all at pnce and suddenly re- 
moved. 

" And so you must remember," he con- 
tinued, " that there are two very remarkable 
diflferences between air and water. Air may 
be condensed by pressure, and, as it exists 
all around us, is greatly condensed by the 
pressure of the air above, and it may be 
compressed more. And air is expansive, 
while water is not. Whenever the pressure 
upon it is removed, it suddenly expands, or 
spreads out in all directions." 

" O dear me ! " said Nathan, with a sigh. 

" What is the matter ? '' said his father. 

" Why, I can't understand it very welL" 

." Can't you ? " said his father. " Well, I 
must adrait that you are rather too young to 
study pneumatics." 

" Pneumatics ? " repeated Rollo. 

"Yes," said his father; " that is the ñame 
of this science." 
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" What, the science of air ? " said Rollo. 

" Yes," said his falher, " the science which 
treats of air, and of ali other compressible 
and expansivo fluids. But let me think. I 
must try to tell you something which Nathan 
can undérstand and be interested in. If I 
had a very light feather, I could ' let him 
perform an experiment." 

" Would a little down da? " said RoUo's 
mother. 

'* Yes," replied his father, " that would be 
better than a feather." 

]\Irs, Holiday then went and brought a 
little down, and handed it to RoUo's father. 
Now, tliere was a lamp upon the table, of a 
peculiar kind, callad a study lamp. It had 
a glass tube, called a chimney, around the 
wick, and consequently aroimd the flame 
itself, being round, like a ring. 

Rollo's fathsr told Nathan to hold tlie 
down over the top of this glass chimney. 
and then to let it go. 

Nathan did so. The little tuft of down 
was wafted up into the air, quite high above 
the lamp, and then it sailed slowly away, and 
fell down upon the table. 
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" I know what makes it rise," said Rollo. 
" It is the heat. The heat makes it rise." 

"Do you think so?" said his father. 
"Then take the ^own, and lay it gently 
upon the hearth, before the fire, as near as 
you can." 

Rollo did so. He had to take his hand 
away very quick, for it was quite hot there. 
The little tuft remained quietly upon the 
hearth wheíe he placed it. 

"There," said his father, "is not that a 
hotter place than it was over the lamp ? " 

" Yes, sir," said Rollo. 

" Then, if it was heat that made it rise, 
why does not it rise now ? " 

Rollo coTild not tell. 

"I will tell you how it was," said his 
father. "Heat makes air more expansivo. 
When air is heated, it swells; when it is 
cool, it shrinks again. Now, if it swells, it 
becomes lighter, and so it is buoyed up by 
the heavier air around it; just as wood at 
the bottom of the sea would be buoyed up, 
and would rise to the surface of the water. 
Now, the heat of the lamp heats the air that 
is in the glass chimney, and swellt it. This 
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makes it lighter ; and so the air around it, 
which is heavier, buoys it up, and it carnes 
up the feather with it." 

" No, the down, father," said Nathan. 

" Yes, the down," said his father. 

"Then it seems to me, after all," said 
Rollo, ^'that it is the heat which makes it 
rise." 

" Yes," said his father, " it does, indirectly. 
It expands the air; that makes it lighter; 
then the heavy air aromid it buoys it up, 
and, when it goes up, it carries up the down. 
So that it is not strictly correct to say, that 
the heat carries it up. The heat sets in 
operation a train of causes and effects, the 
last of which results in carrying up the 
feather. 

"Now," continued his father, "there i. 
always a stream of air going up, wherever 
there is a lamp, or a fire, or heat, which 
heats the air in any way. The expanded 
air from a fire goes up chimney. The cool 
and heavy air in the room and out of doors 
crowds it up." 

"The air out of doors?" said Rollo. 
" How can that crowd it up ? " 

" Wh^^^it presses in through all the crev 
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ices and openings all around the room, and 
crowds the light air up the chimney. All 
the smoke is carried up too with it, and it 
comes pouring out at the top of the chimney 
all the time." 

^' You can see that the air presses in at 
all these crevices," continued Rollo's fetther, 
** by experiment." 

" What experiment is it ? " said Rollo ; "let 
US try it." 

" I will let Nathan try it," said his father, 
''and you may go with him and see the 
eflfect. First," he continued, " you see by the 
smoke, that the air really goes up the chim- 
ney ; and I Krill show you that other air 
really crowds into the space, firom other 
parts of the room." 

So he took a lamp from the table, — not 
the study lamp ; it ^as a conunon lamp, — 
aad held it at various places in the opening 
of the fireplace, by the jambs and near the 
upper part ; and Rollo and Nathan saw that 
the ñame, in all cases, was tumed in towards 
the chimney. 

"Yes," said Rollo, "I see it is drawn 



in." 



''No,".saidhis£5ither; '^ strictly speaking, it 
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is tiot drawn in ; it is pressed m, by the 
cool aiid heavy air of the room." 

"I thought," said RoUo's mother, "that 
the chimney drew the air from the room 
into it.'^ 

"^^ That is what is generaily said," replied 
Mr. Holiday, "but it is not strictly true. 
The common idea is, that the hot air rises in 
the chimney, and so draws the air from the 
room to isupply its place ; but this is not so. 
In the first place, nothing can rise unless it is 
forced up. The lightest things have some 
weight, and wonld, if left to themselves, faJl. 
The hottest and lightest air in a chimney 
would fall to the earth, if there was no cooler 
and heavier air around it, to forcé it to rise ; 
— just as the lightest cork, which would rise 
very quick from the bottom of the sea, would 
fall back again very quick, if the water was 
not there. 

" Remember, then, Nathan and Rollo, that, 
when a fire is built in a fireplace, so as to 
warm the air in the chimney, it makes this 
air not so heavy; and then the cool air 
all around it in the room and out of doors^ 
presses in, and crowds under the light air 
and makes it ascend." 
ft^ 8* 
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"But, father," said Nathan, "you said I 
might perform an experiment." 

" Very well, I am ready now. Take the 
lamp, and carry it around the room, and hold 
it opposite any little opening you can find." 

^'I can't fínd any little openings/' said 
Nathan. 

" O yes," said his father ; " the key-hole 
of the door is a little opening, and there is a 
narrow crevice all around the door; and 
you will find little crevices around the 
Windows. Now, hold the lamp opposite any 
of these, and you will see that the air presses 
in.» 

So Nathan went with the lamp, Rollo fol- 
lowing him, and held the lamp opposite to 
the key-hole, and the crevices around the 
door and Windows ; only, when he carne to 
the window, his father told him to be very 
careful not to set the curtain on fire. 

Rollo wanted Nathan to let him try it 
once ; and so Nathan gave him the lamp. 
He said he meant to make a crevice ; and so 
he pushed up the window a very little way, 
and held the lamp opposite to the opening. 
The air pressed the flame m towards Üie 
room, in all cases. 
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" People commonly say, that it is drawn 
in," said his father, " but that is not strictly 
correct ; it is really pressed íq. There is no 
power of attraction, in the air that is in the 
room, to draw in the air that is out of doors, 
through the crevices ; but the air that is 
out of doors, is so heavy, that it presses in, 
and crowds the warm and hght air up the 
chimney. 

"And now," said his father, "I cannot 
tell you anything more this évening ; but, if 
you remember this, I will give you some 
further instruction another time." 

" Well, sir," said Nathan, " only I wish 
you would tell me a little story, as you did 
last evening. Have not I been still ? " 

His father had noticed, that he had been 
very still and attentive, but did not think 
before, that it was in expectation of being 
rewarded with a story, 

" Well," said his father, " I wiU tell you 
a story, or give you a little advice. How 
should you like a little advice ? " 

" Well, father, a little advice ; just which 
you please." 

" I advise you, then, — let me see, — what 
shall I advise you ? — No, on the whole, I 
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will tell you a story. Once there was a man, 
and he was a philosopher. He understood 
all that I have been explaining to you about 
the air being light when it was hot. So he 
got some very thin paper, and made a large 
paper bag. He cut the paper very curiously, 
and pasted it together at the edges in such a 
way, that the bag, when it was done, wa« 
round, like a ball ; and it had a round opening 
at the bottom of it. In fact, it was a large 
paper ball." 

" How large was it ? " said Nathan. 

" It was so large, that, when it wa» 
swelled out full, it would have been higher 
than your head." 

'^ O, what a lai^e ball ! " said Nathan* 
" But what was it for ? " 

" Why, the man thought, ^as hot air is 
lighter than cool air, and floats up, that per- 
haps, if he could fíll his paper ball with hot 
air, it would go up too." 

" And did it ? " said Nathan. 

"Yes," said his father. "He filled it 
with hot air ; and the hot air was so light, 
that it rose up, and cairied the paper ball 
with it." 
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" How did he get the hot air into it ? " 
said Rollo. 

" Why, he held it over a little fire, withr 
the mouth down. Then the hot air from 
the fire went up into the ball, and swelled it 
out full." 

" How high did it go ? " said Nathan. 

" O, it soaxed away," said his father, 
"away up into «the air, very high ; until at 
length it got cool, and then it carne down.'^ 

^' I should like to see such a ball as that," 
said Nathan. 

^' Such a ball as that is called a balloorij^^ 
said his father. 

" I wish I could see a balloon," said 
Nathan. 



QU E ST I ONS. 

What is the important difference between air and water, 
which was explained ia the last cliapter, and mentioned in 
this ? Does the air tend to expand again after it is com- 
pressed ? What is this property of the air called ? Is the 
air around us already condeased, or is it in its natural 
state ? What causes it to be condensed ? Suppose a thin 
glass vessel were to be filled with air, and another with 
water, and the air suddenly removed from the room around 
them ; what would be the efiects ? What effect does heat 
have upon the expansibility of air? How may this e^ct 
be made to appear over a lamp ? In a chimney ? What 
was the story which Rollo's father told Nathan ? 
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CHAPTER VII 

PHILOSOPHICAL DISCÜSSION 

SoME time aiter this, Rollo, and Nathan, 
and James, were playing in the shed, one 
pleasant moming in the spring. They were 
building with sticks of wood, which they 
pilad in various ways, so as to make houses. 
They took care not to pile the wood, in any 
case, higher than their shoulders, for Joñas 
had told them that, if they piled the wood 
higher than that, there would be danger of 
its falling down upon them. 

After some time, Rollo went into the 
house a few minutes, and James and Nathan 
went to the open part of the shed, and began 
to look out of doors. The sun was shining 
pleasantly, but the gromid was wet, being 
covered with streams and pools of water, and 
melting snow-banks. 

" What a pleasant day I " said James. " I 
wish it was dry, so that we could go out 
better." 
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" I wish we could fly," said Nathan, " for 
it is very pleasant up in the air." 

" I wish we had a balloon," said James. 
" If we had a balloon, we could go up in the 
air, easier thaxi to fly." 

" O James," said Nathan, " you could not 
get inte a balloon if you had one." 

" Why not ? " said James. 

" Because," said Nathan, " it woiüd not be 
big enough." 

" Why, Nathan," said James, "a balloon 
is bigger than this house." 

" O James, it is not higher than my head." 

" It is," said James, " I know it is. I 
have read about balloons bigger than a 
house." . 

"And my father," said Nathan, putting 
down his foot in a very positivo air, " my 
father told me himself, that a balloon was 
about as high as my head." 

The boys disputed some time longer upon 
the subject, and finally, when Rollo came out 
of the house, they both appealed to him very 
eagerly to settle the dispute. 

"Isn't a balloon higher than Nathan's 
head ? " said James. 

" Is it as high as a house ? " said Nathan. 
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" Why, I know,'' said Rollo, " that a man 
made a balloon once about as high as 
Nathan's head, because my father said so; 
but perhaps it was a little one." 

" Yes," said James, " I know it must be a 
little one ; for balloons are big enough for 
men to go iip in them." 

" O James," said Nathan, " I don't believe 
it. Besides, the fire wouid bum 'em." 

" What fire ? " said James. 

" The fire they bum imder the balloons, to 
make the air hot," said Nathan. 

" I don't believe they have any fire," said 
James. 

Just then Nathan, happening to look aromid, 
; saw Joñas standing behind them ; he had just 
come out of the house, and was going out to 
his work. Hearing the boys engaged in this 
dispute, he stopped to listen. The boys both 
appealed to Joñas. 

Jones heard all that they had to say, and 
then replied, — 

" I cannot tell you much about going up 
fn a balloon, but I can tell •" you something 
about getting along pleasantly down here 
upon the earth, which I think may be of 
service to you." 
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" What i» it ? " said James. 

" Why, that you will neither of you get 
along very pleasaritly until you can liear to 
have any body else mistaken, without con- 
tradicting them. James, you think Nathan 
is mistaken about the size of a balloon, do 
you ? " 

"Yes,. I know he is," sáid James. 

"Well," said Joñas, "now why not let 
him remain mistaken ? " 

" Why, — I don't know," said James. 

" He isn't willing to be convinced, is he, 
that a balloon is as big as a house ? " 

"No," said James, "he is not." 

" Then why don't you let him remain un- 
convinced ? Why should you insist on set- • 
ting him right, when he don't want to be set 
right ? " 

" And you, Nathan, suppose that James is 
mistalcen^ in thinking that the balloon is so 

big." 

" Yes," said Nathan, " and that men can 

get into it, and go up in the air." 

" Well, now, if he waats to believe that 

bailoons are so big, why are you not willing 

that he should? Why should you insist 

e 9 
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upon it that he should know that they are 
smaller ? " 

" Because I Arnoí¿7," said Nathan, very posi- 
tively, " that they are small ; and, besides, 
the'paper would not be strong enough to 
bear a man." 

" I did not ask you," said Joñas, " why 
you believed that men could not go np in 
balloons, but why you were so anxious to 
make James believe so. Why not let him 
be mistaken ? " 

" Why — because," said Nathan. 

" You see, Nathan," continued Joñas, " the 
world is full of people that are continually 
mistaken ; and if you go about trying to set 
thetn all right by disputing them, youll have 
a hard row to hoe." 

" A hard what ? " said Nathan. 

"A hard row to hoe," repeated Joñas. 
" It's never of any service to attempt to con- 
vince people that don't want to be con- 
vinced ; especially if they are wrong." 

" Especially if they are wrong ! " repeated 
Rollo, in astonishment. 

" Yes," replied Joñas. " The very worst 
time to argüe with a boy, is when he u 
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wrongy ana does not want to be set right. 
It is a great deal harder to get along in argu- 
ment with one who is right, than with one 
who is wrong ; for the one who is wrong, 
disputes ; the one who is right, reasons." 

" Well, Joñas," said James, " which of us 
was disputing ? " 

" Both of you," said Joñas. 

" Both of US," said James ; " but you said 
that only the one who was wrong, dis- 
puted." 

"Well," replied Joñas, "you were both 
wrong." 

" Both wrong ! O Joñas f " said James. 

" Yes, both wrong," replied Joñas ; and so 
saying, he was going away to his work. 

" But stop a minute longer," said James, 
" and tell us how it is about the balloon ; 
we want to khow." 

"O no," said Jona^, "you don't want to 
know ; you want to conquer.^^ 

" What do you mean by that ? " said Na- 
than. 

" Why, you don't really wish to leam any 
thing ; but you want to have me decide the 
case, because each of you hopes that I shali 
decide in his favor. You want the pleasure 
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of a víctory, not the pleasure of acquiring 
knowledge." 

" No, Joñas," said Nathan, " we do really 
want to know." 

" Well," said Joñas, "I can't stop now to 
tell you ; perhaps I will this evening ; but I 
advise you always, after this, not to contradict 
people, and dispute with themy when they 
say things that you don't believe. Do as 
the gentleman did, when the man said the 
moon was a lire." 

" What did he do ? " said HoUo. 

" Why, he let him say it as much as he 
wanted to." 

'^ Tell US all about it," said James. 

"Well, then," said Joñas, "once thi&te 
was a man, and he saw the moon coming up 
behind the trees, and thought it was a larga 
house buming up. He went along a little 
way, and he met a vulgar fellow, riding in a 
carriage." 

'' Riding in a carriage ! " lepeated Rollo, 
astonished. 

" Yes," said Joñas, " handsomely dressed. 
^ Sir,' said the man, ' see that great fire ! ' 

" * It isn't a fire, you fool/ said the vulgar 
feUow ;. ' it's nothing but the moon.' 
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" ' The moon ! ná it isn't,' said the man ; 
4t is a monstrous great fire. Don't you see 
how it blazes up ? ' 

" ^ It is not a fire, I tell you,; said the vul- 
gar fellow. 

" * I tell you 'tis,' said the man. 

"'You don't know any thing about it,' 
said the vulgar fellow. 

" 'And you don't know the moon from a 
house on fire,' said the man, and so passed on. 

"A minute or two srfter this, he met a 
gentleman driving a team. 

"A gentleman driving a team!" said 
James. 

"Yes," said Joñas, "with a frock on. 
He was tired and weary, having driven all 
day. The man asked him if he did not see 
that house on fire. 

" ' Ah,' said the gentleman, ' I thought it 
was the moon.' 

" ' No,' said the man, ' it is a house on fire.' 

" * Well,' said the gentleman, ' I am very 
sorry if it is. I hope they'll be able to put 
it uut ! ' 

" So saying, he started hís team along, and 
bade the man good evening," 

Joñas then, having finished bis story^ 
9* 
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Btepped out of the shed, and went along to 
wards the barn ; Nathan called out after him 
to say, — 

" Well, Joñas, I don't understand how the 
gentleman carne to be driving a team all 
day." 

Joñas did not reply to this, but only began 
to laugh heartily, and to walk on. Nathan 
tumed back into the shed, saying, he did not 
see what Joñas was laughing at. 

The boys wanted very much to have the 
question about the balloon settied ; and, after 
some further conversation on the subject, 
they concluded to go in and ask their mother. 
So they all three went in. Rollo proposed 
this plan, and he led the way into the house. 
He found his mother sitting in the parlor at 
her work. 

" Well, boys,'* said she, " have you got 
tired of your play ? " 

"No, mother," said Rollo, "but we want 
to know about balloons : how big are 
they?" 

" O, some of them," said she, " are very 
large." 

" Ain't they as big as this house ? " said 
James 
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*^ Yes, I beUeye they have been made aa 
big,^' said she. 

" But, mother," said Natton, « fether told 
me, his very self, that they were no high^ 
than my head." 

*^ O no," said his mother ; " he said that a 
man made one which was about as high as 
your head; but that was only a little one, 
for experiment. When they make large 
ones, for use, they are as high as this house." 

^* For use, mother ? what use? " said Na- 
than. 

" Men go up in them, don't they, aunt ? " 
said James* 

" Not in them, exactly," said his aunt. 
*^ They could not Uve in them, but they go 
up 6y means of them." 

" How ? " said Nathan. 

" Why, they have a fcind of basket, which 
hangs down below the balloon, and they get 
into that." 

'^ I knew they could not get into the 
balloon," said Nathan. 

'^ Then you have had a dispute about 
it," said his mother. 

"Why, — yes," said Nathan, with hesita* 
tion, " we disputed a little." 
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^' I am sorry to hear that," said his mother^ 
for disputing seldom does any good. The 
fact is, however, that men have often been 
carried up by balloons, but they never get 
into them. They could not Uve in them. 
They could not breathe the kind of aír which 
balloons are filled with." 

'^ It is hot air," saíd Nathan. 

"No," said his mother, "the kind of bal- 
loon which your father told you of was 
filled with hot air ; but the balloons which 
people generally use to go up with, are 
filled with another kind of air, which is 
very light when it is cool. They make an 
enormous bag of silk, and fill it with this 
light air, which they make in barréis ; and 
then, when the bag is filled, it floats away 
above their heads, and pulís hard apon the 
íastening. There is a net all over it, and 
the ends of the net are diawn together be* 
low, and are fastened to the basket, or car, 
where the man is to sit. When it is all 
ready, the man gets into the car, and then 
they let go the íastenings, and away the 
great bag goes, and carries the man with it, 
away up into the air." 
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" And then how does he get down? " said 
Nathan. 

" Why, he can open a hole in the bag, and 
let some of the light air out; and then he 
begins to come down slowly. If he comes 
down too fast, or íf he finds that he is com- 
ing into the water, or down upon any dan- 
gerous place, there is a way by which he 
can make his balloon go up again." 

" What way is it, aunt ? " said James. 

'^ Why, he has some bags of sand in his 
balloon," said his amit ; ^' and the balloon is 
made large enough to carry him and his sand- 
bags too. Then, if he finds that he is com- 
ing down too fast, he just pours out some of 
his sand, and that makes his car lighter ; and 
80 the balloon will carry him up again." 

" That's a good jdan," said Rollo. 

" Yes," said his mother ; " the reason why 
he takes sand is^ because that will not hurt 
any body by faliing upon them. If he 
should take stones, or any other heavy, solid 
things, and should drop them out of his car, 
they might possibly fall upon some body, and 
hurt them. So he takes sand in bags, and, 
when he wants to lighten his balloon, he just 
poius the sand out." 
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RoUo's mother then told the boys that 
there was a large book, which had several 
stories in it of men's going up in balloons, 
and that she would get it for them. So sh« 
left her work, and went out of the room ; but 
in a few minutes she retumed, bringing with 
her two very large, square books; with blue 
covers. One of them had petares in it, and 
among the rest there were pictures of bal- 
loons. She opened the other book^ and 
found the place where there was an account 
of balloons, and she showed the place to 
Rollo. 

She told the boys that they had better 
go out in the kitchen, or into the shed, if it 
was warm enoi^h, and read the account. 

" You and James, Rollo," said she, " can 
read by tums, and let Nathan hear. Then, 
when the platos are referred to,^ you must 
look into tne other book and find them." 

"Yes/' said Rollo, "we will; only, 
mother, if you would let us sit down here 
and read it — and then, if there is any thing 
which we cannot understand, you can teU 
US what it means." 

" Very well," replied his mother, " yon 
may sit down here upon the sofá." 
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So the boys sat down upon the sofá. 
They put Nathan between them, so that he 
might look over. Rollo and James took 
turns to read, and they oontinued reading 
about balloons for more than an hour. There 
was one story of a dieep, which a man car* 
ried up in his car, imder a balloon, and then let 
him drop, firom agreat height, with apara- 
chute over his head, to make him fall gently. 
And he did fall gently. He carne down to 
the ground without being hurt ot all. 



q,UE STIONS. 

How was the Btibject of balloons introduced into the con- 
Tersation ? What was Nathan's opinión about the possi 
bilitj of being carríed up by a balloon? What was the 
dbpute abont the sise of ballóoíis ? What was Nathan'i 
e^i^ence P What was James's eiridence ? What did 
Joñas say when they appealed to him ? What was the 
story that he related ? Which of the boys did he finally 
say was wrong ? Whom did the boys appeal to aílerwards ' 
What did Rollo*s mother say about the size of balloons ? 
How did she say that large balloons were fílled ? How caá 
they make the balloon come down ? How caá they mak« 
it go up again, if they wish to do so ? 
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CHAPTER VIH. 

TASK8. 

A FEW days after this, there commenced a 
long stonn of rain. Rollo and Nathan were 
glad to see it on one account, for their moth* 
er told them it would melt away the snow, 
and bring on the spring. The first day, they 
amused themselves pretty well, during their 
play hours, in the shed and in the garret ; 
but on the second day, they began to be tired. 
Nathan carne two or three tknes to bis 
mother, to ask h^ what he should do ; and 
Rollo himself, though, being older, his re- 
sonrces might naturally be expected to be 
greater, seemed to be out of employment. 

At last, their mother proposed that they 
should come and sit down by her, and she 
would tell them something more about the 
air. " How should you like that, Rollo ? " 
said she. 

"Why, pretty well," said Rollo; but he 
spoke in an indifferent and hesitating man- 
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ner, which showéd that he did not feel much 
interest in his mother's proposal. 

" / can't understand very well about the 
air," said Nathan» 

Their mother,' finding that the boys did 
not wish much to hear any conversation 
about the air, said nothing more ábout it just 
then, and Rollo and Nathan got some books, 
and began to read; bnt somehow or other, 
they did not find the books very interesting, 
and Rollo, after reading a little while, put 
down his book, and went to the window, 
saying that he wished it would stop raining» 
Nathan followed him, and they both looked 
out of the window with a weary and discon- 
solate air. 

Their mother looked at them, and then 
said to herself, ^' They have not energy and 
decisión enough to set themselves about 
something useñü, and in fact 1 ought not to 
expect that they should haré. I must supjdy 
the want, by my energy and decisión." 

Then she said aloud to Rollo and Na* 
than, — 

"I want you, boys, to go up into the 
garret, and under the sky-light you will see 
alarge box. Opm this boXi aad yoa wQl 

10 
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find it filled wíth feathers. Select from 
these feathers three or four which are the 
most downy and soft ábout the stem, and 
bring them down to me." 

" What are they for ? " said Rollo. 

"I will tell you," replied his mother^ 
" when you have brought them to me." 

So Rollo and Nathan went up into the 
garret, and brought the feathers. They 
carried them to their mother. She said that 
they would answer very well, and she laid 
them gently down upon the table. 

Then she took up her scissors, and bogan 
to cut off some of the lightest down, saying, 
at the same time, — 

" Now, children, I am going to give you 
some writing to do, about the air.^^ 

" Writing ? " said Rollo. 

" Yes," said his mother. " I am going to 
explain to you something about the air, and 
then you must write down what I tell you." 

" But I can't write," said Nathan. 

"No," said his mother, "but you can tell 
Rollo what you would wish to say, and he 
will write it for you." 

"Why, mother," said Rollo, "I don't 
^hink that tfiat will be vei^y good jday.^' 
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" No," leplied his mother, " I don't give it 
to you for play. It will be quite hard work, 
I hope you will take hold of it energetically, 
and do it well. 

^^ First," saíd she, ^^ I am going to perform 
some experiments for you, before I tell you 
what I want you to write." 

By this time, she had cut oflf the downy 
part of several feathers, and had laid them 
together in a little heap. Then she took a 
fine thread, and tied this little tuft of down 
to the end of it Then she took up the 
thread by the other end, and handed it to 
Rollo. 

" There, Rollo," said she. " Now, do you 
remember what your father told you, the 
other day, about the effect of heat upon 
air?" 

" It makes it light," said Rollo. 

" And why does it make it light ? " asked 
his mother. 

"Why, I don't exactly recollect," said 
Rollo. 

" Because it swells it ; it makes it eipand ,• 
so that the same quatitity of air spreads over 
a greater space ; and this makes it lighter 
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But cool or cold air is heavíer, becauae it Í9 
more coudensed. 

" Now, wherever there is heat," continued 
his mother^ '^ the air is made lighter, aQd the 
cool and heavy air around presses in under 
it, aad buoys it up. This produces curreats 
of air. You recoUect, don't you, that your 
father explained all this to you the other day ? '' 

" Yes," said RoilO; " I remember it." 

" Well," said his mother, " now you and 
Nathan may take this little tuft, and carry it 
about to various places, and hold it up by its 
thread, and it will show you the way the air 
is moving ; and then you may come to me, 
and I will explain to you why it moves that 
way." 

'< Well," said Rollo, '' come, Nathan, let us 
go. First we will hold it at the key-hole 
of the door." 

Rollo held the end of the thread up oppo- 
site to the door, in such a way, that the tuft 
was exactly before the key-hole. The tuft 
was at once blown out into the room. 

" O, see, Nathan, how it blows out The 
air is coming in through the key-hole." 

" Yes," said his mother ; " when there is 
a fire in the room, and none in the entry. 
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tlien the cold air in the entry runs down 
through the key-hole into the room." 

'^ It don't run down, mother/' said Rollo ; 
^' it blows right in straight." 

^^Perhaps I ought to have said it spoats 
in," said his mother, '^ juirt as the water did 
firom the hole in your dam. And, now," she 
continued, ^' come and hold the tuft near the 
chimney." 

Rollo did so; and he foimd that it was 
carried in, proving, as f heir fitther had showed 
them before, that the heavy, cold air, pressing 
into the room, crowded the warm, light air 
up the chimney. 

" Now, should you think," said their mother, 
'' that the cold air could come in through the 
key-hole, as íast as it goes up the chimney ? " 

Both Rollo and Nathan thought that it 
could not. 

" Then go all around the room/' said she, 
<' and see if you can find any otber place, 
where it comes in. For it is plain, you see, 
that the light air cannot be dríven up chim* 
ncy any faster than cold and heavy air comes 
in to drive it up and take its place." 

So Rollo and Nathan went around the 
room, holding their tuñ at all the places they 

e* 10* 



114 AIB« 

could find, wfaere they supposed thete could 
be openings for the cold air to press in. 
They foiind currents coming in around the 
Windows, and by the hinges of the doors; 
and at length Rollo said, he meant to open 
the window a little way , and. see if the cold 
air from out of doors would not press in there 
too. He did so^ and the tuft was Uown in 
very far, showing that the cold air irom out 
of doors pressed in very strongly. 

^^NoW; if áU these openings were to be 
stopped," said their mother, '^ then no cold air 
could crowd into the room ; and of course 
the hot air could not be buoyed up into the 
chimney, and a great deal of the hot air and 
smoke would come into the room. This 
very often happens when houses are first 
built, and the rooms are very tigbt. 

" But now, Rollo," she continued, ^^suppose 
that the door was opened wide ; then should 
not you think that fuere cold and heavy air 
would press in, than could go up the chim- 
ney ? " 

'^YeSy mothery a great deal more," said 
Rollo. 

" Try it," said his mother. 

So &oUo opened the door, and held 
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tuft in the passage-way ; and he found that 
the air was pressing m very strongly through 
the open space. Wherever he held ity it was 
blown into the room a great deal, showing 
that the heavy air pressed in, in a torrent. 

" Now, as much warm air must go out," 
said she, '^ as there is cold air coming in ; but 
I don't believe that you and RoUo can fínd 
out where it goes out." 

Rollo looked all around the room, but he 
could not see any opening, except the chim« 
ney and the door, and .the líttle crevices, 
which he had observed about the fínishing 
of the room. He said he could not find any 
place. 

His mother then toM him to hold his tuft 
down near the bottom of the door-way. He 
did so, and found that the current of air was 
there very strong. The tuft swung into the 
room very far. » 

'< Now hold it up a little higher," said his 
mother. 

Rollo obeyed, and he found' that it was 
still pressed in, but not so hard. 

*^ Higher," said his mother. 

Rollo raised it as high as he could reach. 
The thread was of such a length, that the 
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tuít hung about opposite to his shoulder. 
The tuft was still pressed in, but not nearly 
as far as before. 

" So you see," said his mother, " that the 
air poiirs in the fastest at the lowest point^ 
where the weight and pressure of the air 
above it are the greatest; just as, in your 
daní; the water írom the lowest holes spout- 
ed out the farthest." 

" Yes," said Rollo, " it is very much like 
that." 

" Now," continued his mother, " you see 
that a great deal of air comes in, and if you 
look up chimney, you will see that there is 
scarcely room for so much to go up there ; 
— and yet just as much must go out as 
comes in. 

" Get the step-ladder," said his mother, 
"and stand up upon it, and so hold your 
tuft in the upper part of the door-way." 

There was in the china closet a small 
piece of fumiture, very convenient about a 
house, called a step4adder. It consisted of 
two wooden steps, and was made and kept 
there to stand upon, in order to reach the 
high shelves. Rollo brought out the step- 
ladder, and placed it in the door-way, and 



TÁSl^S. 117 

then ascended it. From the top he could 
reach nearly to the top of the door ; but then, 
as his tuft was at the end of the thread, it 
hung down, of course, some little distance 
below his head. 

" Why, mother," said Rollo, ^' it goes ow/." 
" Yes," repeated Nathan, " it goes out" 
In fact, Rollo found that the tuft, instead 
of swinging into the room, was carried out 
towaxds the entry. 

"You have found out, then," said his 
mother, ^' where the hot air of the room goes 
to, to mal^e room for. the cold air, that comes 
in from the entry." 

" Yes, out into the entry," said Rollo. 
"Through the upper part of the door," 
said his mother. " Suppose the entry were 
full of water, and the parlor full of air, and 
the door was shut, and the door and the waUs 
were water-tight. Now, if you were to open 
the door, you see that the water, being heavier, 
would flow in, through the lower part of the 
door-way, into the parlor, and the air from 
the parlor would flow out, through the upper 
part of the door-way, into the entry. The 
water would settle down in the entry, until 
it was level in both rooms, and then the lower 
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parts of both rooms wonld be filled wíth 
water, and the upper parts with air." 

" Yes, mother," said Rollo. 

'^ And it is just so witfi warm and cold air. 
If the parlor is filled with warm ajr, made 
so by the fire, and the entry with cold air, 
and you open the door, then the cold air, 
being heayier, will sink down, and spteaá 
over the floor of both rooms ; and the warm 
air, being light, will spread around over the 
upper parts of both rooms; and this will 
make a current of air, in at the bottom of 
the door-way, and out at the top. 

" Now," continued his mother, " let me 
recapitúlate what I have taught you." 

'^What do you mean by recapiiulating 
it ? " said Nathan. 

" Why, tell you the substance of it, so that 
you can write it down easier." 

" O, I can write it now," said Rollo ; " I 
rcmember it all." 

" Can you remember it, Nathan ? " said 
his mother. 

"Perhaps I can remember some of it," 
said Nathan. 

So Rollo and Nathan went out into 
««nother roóm, where Rollo kept his desk. 
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and they remained there hátf an hour. 
When they retumed, they broi^ht their 
mother trwo papers. 

Their mother opened the largest paper, 
and read as follows : — 

" We took a tiift of down, tied to a thread, 
and held it in the cracks and places thfit the 
air carne in at, to see whích way it went. 
We held it at the window, and it blew in 
very strong. At the bottom of the door, it 
blew in very strong too ; but at the top, it 
blew out, into theentry. So, when the entry 
is fuU of cold air, and this room full of warm, 
the cold air will press in and drive out some 
of the warm air, into the entry. 

Rollo." 

The other paper was also in Rollo's hand- 
writing, and was as follows : — 

" If the entry was full of water, and the 
parlor full of air, and the walls were water- 
tight, and you were to open the door be- 
tween the two rooms, the water would flow 
into the parlor down below, and the air 
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woold flow into the entsj up above. We 
tríed it with a ton. 

Nathan." 



4lVm STIONS. 

Why were RoUo and Natfaan at ñni glad io see the rain f 
What did their mother say to keraelf on tfae aecond day, 
when she obterved their weary and listless appearance r 
What did she at firet direct them to do ? How did she 
prepare the downy tuftP What experiments did they 
perform wilh it ? Where did they find that the air carne 
iii which crowded the warra air up the chimney ? Whal 
experíments did they perform when the door was opened ? 
Which way did they fínd that the current of air was setting 
at the lower part of the door- way ? Which way did the 
current set at the upper part of the door-way ? What did 
Rollo write in his exercise ? What was wrítten in Na- 
than's ezercue P 
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CHAPTER IX 

BURNING. 

After the snow had all gone off, and the 
ground was dry, Joñas piled up a heap of 
stumps, roots, and decayed logs, in a field^ 
not far from the brook, and one sunny after- 
noon he and Rollo went down to set the 
heaps on fire. 

Joñas set one on fire, and then he told 
Rollo that he might set another on fire. 
After this, Joñas employed himself in gather- 
ing up sticks, bushes, roots, and other such 
things that lay scattered about the field, and 
putting them upon the fires, while Rollo 
amused himself in any way he pleased. 

After a time, Rollo foUnd, on the margin 
of the field, near the edge of a wood, an oíd 
stump, taller than he was, much decayed. 
There was a hole in the top. Rollo climbed 
up so that he could put a stick in, and nm 
it down, to see how far down the hole ex- 
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tended. He found that ít extended down 
very near to the bottom. 

Then Rollo called out to Joñas, with a 
loud voice, saying, — 

" Joñas, I have found a hoilow stump 
here. It is hoUow away down to the bottom. 
?.lay I build a fire in it ? " 

" Yes," said Joñas, " if you can." 

Rollo accordingly went to the nearest fire, 
and got a quantity of birch bark, which he 
had collected there to aid him in kindling 
his fires. He lighted one piece, and put it 
upon the end of a stick, and carried it to the 
stump, with the rest of the birch bark in the 
other hand. 

Rollo then spent some time in fruitless 
attempts to make some lighted birch bark go 
down into the stump, and bum there. He 
succeeded very well in getting pieces com* 
pletely on fire ; but, afiter they were dropped 
into the hole, they would not bum. Rollo 
oould not think what the reason coold be. 

At last he called Joñas to come and help 
him set the stump on fire. 

Joñas said that he did not think that it 
could be set on fire. 
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the fírst instant, a great current of air, and so 
the choke damp might be blown out, and 
common air get in, and so keep the paper 
burning." 

''How does it make a current of air?" 
asked Rollo. 

" Why, the heat of the fíame, when you 
first put the paper in," replied Míss Mary, 
^'makes the air that is above it lighter; 
and the common air all around crowds in 
mider it, in buoying it up; and by that 
means, if the flame is too large, common air 
is caxried inte the tumbler. You ought to 
make a yery small flame, if you leave the top 
of the tumbler open." 

*^ How can we make a small flame ? " said 
Rollo. 

" One good way," replied Miss Máry, " is 
to roU up some paper into a very small roll. 
I will show you how." 

So Miss Mary took a piece of paper, and 
cut it into the proper shape with her scissors, 
and then roUed it up into a long and very 
slender roll ; one end of jt was not much 
larger than a laige knitting-needle. She gave 
this to Rollo, and told him that, if he tríed 
the experiment again, he must light the oooLall 
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" Why not ? " said Rollo. 

" Becaiise," said Joñas, •' it is so wet." 

"Yes, but, Joñas,'* replied Rollo, "your 
brush heaps burn, and why should not this 
stump ? " 

" Because," said Joñas, " the stump is 
more solid, and the water soaks into it more 
in the winter and early in the spring ; and it 
takes it much longer to dry, than it does 
brush and small roots, Which lie open and 
exposed to the air." 

" Well, then," replied Rollo, " why does 
not my birch baxk burn ? that is dry ; but as 
soon as I drop it down into the stump, it 
goes out." 

Joñas looked into the stump, and down 
around the bottom of it, and said, — 

" Because there is no air." 

" No air ? " repeated Rollo. 

"No," replied Joñas; "it is all cióse and 
solid around ; the air cannot get in." 

"It can get in at the top," said Rollo. 

Joñas made no reply to this remark, but 
walked away a few steps, to a plac» where 
he had put down his axe ; he took up the 
axe, and brought it to the stump. He 
immediately began to cut into it, at the 

11* 
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bottom, as if it were a tree which he was 
goirig to fell. 

"O Joñas," said Rollo, "don't cut it 
down." 

" I am not going to cut it down," said 
Joñas ; " I am only going to cut ahole into it." 

" What for ? " asked Rollo. 

" To let the air in," replied Joñas. 

Joñas continued to cut into the side of the 
Btump, near the ground, until he perceived 
that the edge of his axe went through into 
the hoUow part Then he cleared away the 
chips a little, and showed Rollo that there 
was an opening for the air. 

" Now," said he, " I presume you will be 
able to make sticks and birch bark bum in 
the stump, though you can't make the stump 
itself bum very well." 

Rollo now dropped a blazíng piece of birch 
bark into the stump, and, to his great joy, 
he found that it continued blasing, after it 
reached the bottom. He then dropped in 
another piece upon it, which took fire. He 
then gathered some dry sticks, and put in ; 
and, finding that the flame was increasing, he 
proceeded to gather all the dry and combus^ 
tibie matter, which he could find around, aad 
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put them in, so that in a short time he had # 
a fine blaze, a foot abore the top of the 
stump ; and the inside of the stump itseif 
seemed to be in ñames. 

"Joñas," said Rollo, "it does bum." 

" Does it ? " said Joña» ; " I am glad to 
hear it.'* 

'^ But yon said the stump "virould not burn." 

"You ought to wait until it is all burnt 
up, before you triumph orer me." 

" Why, Joña»," said Rollo, " I didn't mean 
to triumph over you ; but why would not the 
fire burn before you cut the hole through ? " 

" Because," replied Joñas, " there was not 
air enough." 

" There was air in the stump," said Rollo. 

" Yes," replied Joñas, " but all the life of 
it was consumed by the first piece of birch 
bark which you put in." 

" The life of it ? " said RoUo. 

" Yes," replied Joñas ; " what do you 
suppose it is, that raakes anything burn ? " 

" Why, it burns itseif," said Rollo. 

" No," answered Joñas; " the air makes it 
burn : it must have good air around it, or 
else it won't burn. There is something ín 
the air which I caU the life of it ; this make» 
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the fire bum. But when this i8 all gone^ 
then that air will not make fire bum any 
longer. It wili only bum in good fresh air, 
which has got the life in it" 

" I thought fire would bum in any kind 
of air," said Rollo. 

" No," rephed Joñas ; " you can see if yoa 
stop up the hole I made here." 

Joñas then took a piece of turf firom the 
field, and put it before the hole, and crowded 
it in hard with the heel of his boot. Rollo 
observed that the fire was álmost immedi- 
ately deadened. 

^^Now," contiaued JoDaSj ^Uight a small 
piece of birch bark, and put it in." 

Joñas helped Rollo fast^a a fimall pieoe of 
bark upon the end of a stick, and then Rollo 
set it on fire, and held it down a little way 
into the stump. It bumed very feebly. 

" See," said Joñas, " how qnick it is 
stifled." 

^' Yes," lepiied Rcdlo, '^ it goea out almoat 
directly." 

"You see," said Joñas, "that the fire 
alieady in íhe stump cansomes all tfae good- 
ness g{ tfae air ; and I stopped ap the hote, 
80 that no fi»sh air can come in." 
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" Why doesttH; it go in al the top?'' said 

Rollo. 

^^ It does a litüe/' said Joñas, ^' but not 
much, beeause the hollow of the stump is 
already ñill of bad air, and tbere is nothing to 
make a cunent. When there is an opening 
below, then there is a current up through." 

" Yes," said Rollo, "it is just like a chim- 
ney." 

" Y^" Fepiied Joñas, " the stump is the 
chimney, and tke faole is the fiíei^ace." 

" And the air in the stump,'^ said Rollo, 
" gets hot, and so the cold air aü around is 
heavier, and so it crowds down under it, and 
buoys the hot air up out of the stump. My 
iather explained it all to Nathan and me." 

RoUo then wacted to open the hole again, 
to see if the efiect would be as he had de- 
scribed. 

Then Jooas puBed away the turf fr(Mn the 
hole at the bottom of the stump, and Rollo 
observed that the fire brightened up imme- 
diately. 

fíe then held a «noking bnand near the 
hole, and he saw that the smoke was cairíed 
in, in a very strong current, by the cool air» 
which was pressing into ti» hole. 
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" Yes," said Rollo, " it operates just like a 
fireplace." 

"So you see," continued Joñas, "that 
whenever you build a fire, you must see to 
it, that there is an opening for air to come up 
írom undemeath it. And it must be good 
fresh air too." 

" What is it in the air, which makes the 
fire bum ? " said Rollo. 

" I don't know what the ñame of it is," 
said Joñas ; " it is some part of the air, which 
goes into the fire, and is all consumed, and 
then the rest of the ai3r is good for nothing." 

" Isn't it good for anything at all ? " asked 
Rollo. 

" I don't know," said Joñas, " how that is ; 
only I know that it isn't good for an3rthing 
for fires. It stifles them." 

" I should like to know what the ñame of 
that part of the air is, which is good for fires," 
said Rollo. 

" I knew once," said Joñas, ^^ but it was a 
hard word, and I have forgotten it." 

" I mean to ask my father," said Rollo. 

Joñas then went on with his work, gather- 
ing up everything that he could find aroimd 
the field, to put upcm the fires. Rollo amused 



BUBNIKO. 131 

himself by putting large rolls of birch bark 
around the end of a stick, and then, after set- 
ting them on fire, holding them over the 
fires, which Joñas was making, to see how 
soon the flame was extinguished : then he 
woiild draw them away, and see them revive 
and blaze up again in the open air. At last, 
he called out to Joñas, once more. 

" Joñas," said he, " I have found out what 
makes the blaze go out. It is the smoko. 
I don't believe but that it is the smoke." 

" No," replied Joñas, "it is not the smoke. 
I can prove that it is nót." 

So Joñas carne up to the fire where Rollo 
was standing, and pointed out to Rollo a 
place, over a hot part of it, where there was 
no smoke, because the fire under it bumed 
clear, being nearly reduced to coals. He 
told Rollo to hold his blazing bark there. 
Rollo did so, and found that it was extin- 
guished at once, and as completely, as it had 
been before, when he had held it in a dense 
smoke. 

" Yes," said Rollo, " it isn't the smoke. 
But perhaps it is because it is so hot." 

" No," said Joñas, " it isn't that. It is a 
difierence in the air. They sometimes coUect 
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different kinds of air in glass jars, and then let 
a candle down in, and see whether it will go 
out." 

" And will it go out i " said Rollo. 

" That depends upon what kind of aír it 
is," said Joñas. '^ They all look olear, jttst 
as if there was nothing in the jars ; but when 
you let a candle down in, in some it burus 
just the same as before; in some it bums 
brighter ; and in some it goes out." 

" In what kinds does it go out ? " asked 
Rollo. 

" I only know of one kind," said Joñas, 
^^and that is a kind that comes of itself in 
mines, and wells, and other [daces." 

^< What is the ñame of it i " asked Rollo. 

"Why, the people in the mines cali it 
choke damp ; but 1 believe it has got another 
ñame besides." 

" What do they cali it choke damp for? " 
said Rollo. 

" Because," said Joñas, " if the minera get 
into it and breathe it, it kills them. It is not 
any better to breathe than it is to máke fires . 
burn." 

<< I wish I could see some choke damp/' 
said Rollo» 
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" o, you can't aee it at all," said Joñas, " if 
it was right before you, any more than you 
can see common air. If a well or a mine ís 
is full of it, they cannot fínd it out by look- 
ing down." 

" How do they find it out ? '* said Rollo. 

" Why, they let a candle down," replied 
Joñas. 

" And will the candle go out ? " asked 
Rollo. 

^^Yes," said Jqnas, '^if there is choke 
damp in the weU. Sometimes they make a 
little of it in a tumbler or a jar upon the 
table, and so let a little ñame down into it, 
and it goes out immediately." 

" I wish we could make some," said 
Rollo. " Do you know how they make it ? " 

"No," said Joñas; "but I believe it is 
pretty easy to do it, if we only knew how." 

" I will ask my father," said Rollo ; " per- 
haps he will know." 

This conversation took place when Joñas 
and Rollo were about the fires ; but now the 
fires had pretty nearly burnt out, and they 
prepared to go home. 

That evening, just about sunset, Rollo 
went out bohind the house, and found Joñas 

12 
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raking off the yard. The spring was fast 
coming on, and the grass was heginning to 
look a Uttie green ; and Joñas said he wanted 
to get off all the sticks, chips, and straws, so 
that the yard would present a surface of 
smooth and uniform green. Rollo told him 
that he had found out how to make choke 
damp. , 

" Did your father tell you ? " said Joñas. 

" No," replied Rollo. 

" Who did tell you, then ? " said Joñas. 

" Guess," answered Rollón 

" Your mother," said Joñas. 

"No," answered Rollo. 

" Then I can't tell," said Joñas. 

"It was Miss Mary," rei^ied Rollo. "I 
met her in the road to-day, and I asked her." 

" And how is it ? " asked Joñas. 

" Why, we make it with chalk and vine- 
gar," said Rollo. " We pound up a little 
chalk, and put it in the bottom of a tiimbler. 
Then we pour sorae vinegar over it. The 
vinegax takes the choke damp out of the 
chalk, and Miss Mary says it will come up 
in little bubbles. She says we can lay 
a paper over the top loosely, — she said 
loosely, but I thínk it ought to be tight." 
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" Why ? " asked Joñas. 

" So as to keep the choke damp from 
coming out," replied Rollo. 

" No," said Joñas. " I understand why 
she said yon must put it on loosely ; that's 
to let the common air out." 

" What common air ? " said Rollo. 

" Why, the air that was in the tmnbler 
before," replied Joñas. " You see that, as 
fast as the choke damp comes up, it drives 
the conmion air out of the top of the tmn- 
bler ; and so you must put the paper on loose- 
ly, and let it go out." 

That evening Joñas and Rollo tried the 
experiment. First they put about two tea- 
spoonfuls of chalk into the tumbler. Then 
they poured in the vinegar. It immediately 
began to foam. 

"Ah," said Rollo, "that's the efferves- 
cence." 

"The what?" said Dorothy; for they 
were making this experiment upon the 
kitchen table, and Dorothy was standing by, 
looking on with great interest. 

" The effervescence^^^ said Rollo. " Miss 
Mary said there would be an effervescence, 
which would be occasioned by the little 
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bubbles oí choke damp, coming up from the 
chalk." 

" Poh ! " said Dorothy ; " it's nothing but 
a little frothing." 

" It isn't frothing," said Rollo, very se- 
riously ; " it isn't frothing, it is effervescence. 
Don't you think Miss Mary knows ? " 

"Joñas," said Rollo again after a short 
pause, "how many of these little bubbles 
will it take, do you think, to fiU the tumbler 
full of choke damp ? " 

" I don't know," replied Joñas ; " we will 
■wait a little while, and then try it." 

" There, now. Joñas," said Rollo, " we 
have not got any candle." 

" O, I will roU up a piece of paper, and 
set the end on fire, and then dip it down 
into the tumbler, and that will do just as 
well." 

" What are you going to do that for ? " 
said Dorothy. 

" Why, to see it go out," said Rollo. 

" It won't go out, imless you put it away 
down into the vinegar," said Dorothy. 

"Yes it will," said Rollo; "we are only 
going to dip it down a little way, just into 
the choke damp, and it will go oat." 
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"It won't go out, child," said Dorothy. 
" There's nothing ta put it out.'' 

"Well, you'U see. Won't it go out, 
Joñas ? " ~ 

" I don't know," said Joñas. 

" Don't know ? " said Rollo. " Why, you 
told me that choke damp would put out a 
blaze." 

"Yes," said Joñas, "I am sure of thatj 
but there are a great many ways of failing in 
trying experimenta" 

"Well," said Rollo, "that may be; but 
this will not fail, I know, for I can see the 
little bubbles of choke damp coming up. 
There are millions of them." 

By this time Joñas thought that the tum- 
bler was fiUed with the gas, which was rising 
from the chalk and vinegar. So he roUed up 
a piece of paper, and set the end on fire, and, 
when it was well buming, he plunged the 
end of it into the tumbler. To Rollo's great 
disappointment and mortifícation, it continued 
to bum about as much as ever. The flame 
crept rapidly up the paper, and Joñas had 
soon to run with it across the floor and throw 
it into the fire, to avoid burning his fingers. 
Dorothy laughed aloud; Joñas 'miiled; and 
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88 for Rollo, he looked disappointed and 
vexed, and appeared to be overwhelmed with 
chagrín. 

Dorothy continued to laugh at them, while 
Joñas went to the pump and washed out the 
tumbler. At length she said, — 

^' But come, Rollo, don't be so disconsolate. 
You look as if you had swallowed all the 
choke damp." 

" Yes, Rollo," said Joñas, " we must keep 
good-natured, even if our experiments do 
feil.» 

<< WeD," said Rollo, ^< I mean* to ask Misa 
Mary again, and Üien we can do it, I know.'^ 

Rollo accordingly went, the next day^ to 
ask Miss Mary about the cause of the failure. 
Miss Mary said that she could not think of 
any thing which was likely to be the cause, 
unless it was that they put too largo a flame 
into the tumbler. 

"Well,'* replied Rollo, "and what harm 
would that do ? Won't the choke damp put 
out a large flame ? " 

"Yes," replied Miss Mary, "if it only 
fairly surrounds and covers it ; but, then, if 
'vou {Hit a large flame into a tumbler, it makes. 
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the first ínstant, a great current of air, and so 
the choke damp might be blown out, and 
common air get in, and so keep the paper 
burning." 

"How does it make a current of air?" 
asked Rollo. 

" Why, the heat of the flame, when you 
first put the paper in," replied Miss Mary, 
'^makes the air that is above ít lighter; 
and the common air all arónnd crowds in 
under it, in buoying it up; and by that 
means, if the flame ís too laj^e, common air 
is carried into the tumbler. You ought to 
make a very small flame, if you leave the top 
of the tumbler open." 

'^ How can we make a small flame ? " said 
Rollo. 

" One good way," replied Miss Mary, " is 
to roU up some paper into a very small roU. 
I will show you how." 

So Miss Mary took a piece of paper, and 
cut it into the proper shape with her scissors, 
and then roUed it up into a long and very 
slender roU ; one end of jt was not much 
larger than a lai^ knitting-needle. She gave 
this to Rollo, and told hím that, if he tried 
the experiment again, he must light the small 
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end, and it would make a flame not so bíg as 
a pea. 

Rollo explained to Joñas what Miss Mary 
had said, and they resolved on attempting the 
experiment again that evening. And they 
did so. Dorothy stood by watching the jwro- 
cess, as she had done the evening before; 
but Rollo did not assert so confidently and 
positively what the resolt would be. He 
had leamed moderation by the experience of ^ 
the night before. 

When all was ready, Joñas lighted the end 
of the slender roll in the lamp, and plonged 
it carefully into the tumbler. It went out 
immediately. 

'^ There ! " said Rollo, clapping his hands, 
" it goes out." 

*' Why, it is only because the wind blew 
it out." 

"No, Dorothy," said Rollo, "there isn*t 
any wind in the tumbler." 

" Yes," replied Dorothy, " when you push 
it down, it makes a little wind, just enougb 
to blow it out." 

" Get another tumbler," said Joñas, " and 
let US see." 

^o Dorothy brought another tumbler, and 



BüBNING. 141 

Joñas put the buming end of the paper down 
into it, with about as rapid a motion as ÚisX 
with which he had put it before into the 
tumbler he had at first. The paper con- 
tinuad to bum. 

"There," said he to Dorothy, "when I 
put it down into common air, it burns on 
the same as ever ; so it can't be that the wind 
puts it out." Joñas repeated the experiment 
a number of times ^' the effect was always 
the same. Whenever he put it into the 
tumbler of commion air, it bumed on without 
any change ; but whenever he put it into the 
choke damp, it immediately went out. Even 
Dorothy was satisfied that there was a diflfer- 
ence in the kind of air contained in the t^yo 
tumblers. 

That evjsning, when Rollo gave his mother 
a full account of their attempts, — describing 
particularly their failure at first, and their 
subsequent successes, — his mother seemed 
much interested. When he had finished, she 
said, — 

" Well, Rollo, I don't see but that you 
have leamed two lessons in philosophy." 

" Two lessons? " said Rollo. 

" Yes," replied his mother. " The first is 
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that fire will not bum in choke damp ; and 
the second is, that it requires niee attention 
and care to verify philosophical truths by ex- 
periment." 

'^ Yes," said Rollo, '^ we missed the firsi 
time, just becamie we had too big a paper.'' 



QU E STI ONS. 

Why did Joñas Bappaae that the stump would not bum ? 
What was Rollo's first mode of setting it on fire ? How 
did it succeed ? What dld Joñas do with bis axe, when he 
eame ? What was the object of lliis? What did he say 
was neoessary to make fires bnm ? What did Rollo at first 
think was the reason why the bark went oat when held 
OTer the fire? What did he nezt think was the reason ? 
How did Joñas say that difiisrent kinds of aírs wera pre- 
pared ? In what places did he say that choke damp was 
naturally produced ? How did they attempt to prepare 
some of this gas ? Did they succeed in preparing it ? Did 
they snooeed in their ezperiment at first? What was the 
cause of the fiúloxe? 
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CHAPTER X. 



GRAVITATION. 



One evening, after tea, when Rollo was 
a pretty big boy, he carne and begaa to 
climb up into his father's lap. When he had 
climbed up, he took his place astríde of his 
father's knee, as if he Were ridihg a horse. 
His líttle brother Nathan carne up and stood 
near, wanting to get up too, only there was 
not room, His cousin James was there, that 
evening, on a visit. He sat upon a cricket 
before the fire, and his mother was at the 
table doing some sort of work.v 

" O dear me ! " said Rollo's father, imita- 
ting the tone in which Rollo sometimes 
uttered that exclamation. 

" What, sir ? " said Rollo. 

" Why, I should like very well to hold 
you in my lap," said his father, " if it was not 
for the great mighty earth, down below us." 

" How ? " said Rollo. He did not know 
what his father meant. 
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" Why, when you are upon my knee, the 
earth, the ponderous earth, pulís you down 
haxd and heavy upon it." So saying, he 
put his hands upon RoUo's shoulders^ and 
crowded them down, by way of showing 
him how the earth acted upon him. ^'It 
pulís," he continued, "with a strong and 
steady pulí, all the time ; and so makes you 
a very heavy weight." 

^'Is that what makes weíght?" aaid 
Rollo. 

« Yes," said his father. " So, if I had a 
monstrous stone to move, and if I thought 
the earth would listen to me, and let go its 
hold, I might make a speech to it thus : — 

" < O earth, thou vast and ponderous ball, 
please to relax thy hold, for a few min- 
utes, upon this stone, and leave it free to 
move ; and then Rollo can tie a string to it, 
and move it easily along to the place where 
I want it to lie ; then thou mayst seize it 
again with thy mighty attraction, and hold 
it down as firmly as thou wilt.' " 

" O father ! " exclaimed Rollo ; Nathau 
and James laughed, and RoUo's mother 
looked up from her work to listen to this 
strange apostrophe. 
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" It would seem," continued his father, in 
a pompous tone, as if still addressíng the 
earth — " it would seem, most mighty planet, 
a very easy thing for thee to reléase this 
single stoiie, for a few minutes, írom the grasp 
with which thou holdest all things down. 
upon thy surface. And by it I shall gain 
much, while thou wilt lose nothing ; for, if 
thou wilt not willingly give up the stone, I 
must get three or four yoke of strong oxen, 
and, by main forcé, pulí it away." 

" Is that what makes everything heavy ? " 
said Rollo. 

" Yes,", said his father, answering now 
in his natural tone ; " the attraction of the 
earth is what makes everything heavy, and 
holds it down." 

'^ And could we move a monstrous great 
stone," said Rollo, " as light as a feather ? " 

" No," said his father, " it would not move 
along quick and light, like a feather. You 
could not move it quick. Suppose, for 
instance, you had two boats, floating upon 
the water, of the same size ; one made very 
light indeed, of something very thin, like 
paper, and empty; and the other made of 
wood, and loaded with iron as heavily as it 
g 13 
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would bear. Now, they would both be sap- 
ported upon the water, so that their weight 
would be neutralized; and yet they would 
move very differently. You could push the 
light one ábout easily, anywhere, but the 
heavy one would move very slowly. You 
would not have to push very hard upon it, 
but you would have to push for some time, 
to set it ín motion; and then it would be 
hard to stop it. This is called its íncrtía." 

"Yes," said Rollo, "it would go harder 
against the bank." 

"The reason is," continued his father, 
" that the heavy boat contains a great many 
more partióles of matter than the light one, 
and they have all got to be put in motion. 
So it requires greater effort, or the same 
effort must be continued a longer time. 

" For instance, if we suppose that the 
light boat has one million of partióles of 
matter, the heavy one would have, perhaps, 
twenty millions. Of course the effect of the 
pushing has to be divided among twenty 
times as many partióles, and of course wiil 
only carry them one twentieth part as far ; 
so that the bodies that are now large and 
heavy, would onty move slowly, though 



GRAVITATION. 147 

they would move ecmlíf, if the attraction of 
the earth were to cease. 

" There is another way to illustrate it," he 
continued. "Suppose there was a laxge 
mass of lead, as big as a load of hay, hang- 
ing by a chain; and also a great .puflf of 
feathers, or a balloon of the same size, hang- 
ing in the same way. Now, if they were 
both suspended freely, they would both 
move easily, for their weight would be sup- 
ported by the chain; but the heavy one 
would move very slowly. Nathan could 
move it, but he could only move it slowly 
and a little way." 

" I should not think that he could move 
it but very little," said Rollo. 

*" No, he could not ; because you see that, 
in that way of suspending anything, the 
moment that it begins to move, it begins to 
swing off and to rise ; so that it cannot 
be moved at all without being lifted a little. 
And the more it is moved, the higher it is 
lifted, so that it would take a great forcé to 
move it far away from the centre, where it 
was hanging. But we can hang it in a way 
to avoid that difficulty," 

" How. sir ? " said Rollo. 
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bubbles oí choke damp, coming up firom the 
chalk." 

" Poh ! " said Dorothy ; " it's nothing but 
a little frothing." 

" It isn't frothing," said Rollo, very se- 
riously ; " it isn't frothing, it is effervescence, 
Don't you think Miss Mary knows ? " 

"Joñas," said Rollo again after a short 
pause, "how many of these little bubbles 
will it take, do you think, to fiU the tumbler 
fuU of choke damp ? " 

"I don't know," replied Joñas ; " we will 
wait a little while, and then try it." 

" There, now, Joñas," said Rollo, " we 
have not got any candle." 

" O, I will roU up a piece of paper, and 
set the end on fire, and then dip it down 
into the tumbler, and that will do just as 
well." 

" What are you going to do that for ? " 
said Dorothy. 

" Why, to see it go out," said Rollo. 

" It won't go out, unless you put it away 
down into the vinegar," said Dorothy. 

"Yes it will," said Rollo; "we are only 
going to dip it down a little way, just into 
the choke dainp, and it will go out." 
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" It won't go out, child," said Dorothy. 
" There's nothing to put it out." 

"Well, you'll see. Won't it go out, 
Joñas ? " 

" I don't know," said Joñas. 

" Don't know ? " said Rollo. " Why, you 
told me that choke damp would put out a 
blaze." 

"Yes," said Joñas, "I am sure of thatj 
but there are a great many ways of failing in 
trying experiments." 

"Well," said Rollo, "that may be; but 
this will not fail, I know, for I can see the 
little bubbles of choke damp coming up. 
There are millions of them." 

By this time Joñas thought that the tum- 
bler was fiUed with the gas, which was rising 
from the chalk and vinegar. So he roUed up 
a piece of paper, and set the end on fire, and, 
when it was well boming, he plunged the 
end of it into the tumbler. To RoUo's great 
disappointment and mortifícation, it continued 
to bum about as much as ever. The flame 
crept rapidly up the paper, and Joñas had 
soon to run with it across the floor and throw 
it into the fire, tó avoid buming his fingera 
Dorothy laughed aloud; Joñas fmiled; and 
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as for Rollo, he looked disappointed and 
vexed, and appeared to be overwhelmed with 
chagrín. 

Dorothy continued to laugh at them, while 
Joñas went to the pump and washed out the 
tumbler. At length she said, — 

'^ But come, Rollo, don't be so disconsolote. 
You look as if you had swallowed all the 
choke damp." 

^' Yes, Rollo," said Joñas, '^ we mnst keep 
good-natured, even if our experiments do 
faU." 

'^ WeD," said Rollo, '^ I mean* to ask Misa 
Mary again, and then we can do it, I know." 

Rollo accordingly went, the nert day, to 
ask Miss Mary about the cause of the failure. 
Miss Mary said that she could not think of 
any thing which was likely to be the cause, 
unless it was that they put too large a ñame 
into the tumbler. 

" Well," replied Rollo, " and what harm 
would that do ? Won't the choke damp put 
out a large ñame ? " 

"Yes," replied Miss Mary, "if it only 
fairly surrounds and covers it ; but, then, if 
you put a large flame into a tumbler, ít m^kesi 
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the first ínstant, a great ciirrent of air, and so 
the choke damp might be blown out, and 
common air get in, and so keep the paper 
buming." 

'^How does it make a corrent of air?" 
asked Rollo. 

" Why, the heat of the flame, when you 
first put the paper in," replied Miss Mary, 
^'makes the air that is above it lighter; 
and the common air all around crowds in 
under it, in buoying it up; and by that 
means, if the flame is too lai^e, common air 
is carried into the tumbler. You ought to 
make a yery small flame, if you leave the top 
of the tumbler open." 

'^ How can we make a small flame ? " said 
Rollo. 

" One good way," replied Miss Mary, " is 
to roU up some paper into a very small rolL 
I will show you how." 

So Miss Mary took a piece of paper, and 
cut it into the proper shape with her scissors, 
and then roUed it up into a long and very 
slender roU ; one end of it was not much 
larger than a large knítting-needle. She gave 
this to Rollo, and told him that, if he tried 
the experiment again, he must light the small 
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ená, and it would make a flame not so big as 
apea. 

Rollo explained to Joñas what Miss Mary 
had said, and they resolved on attempting the 
experiment again that evening. And they 
did so. Dorothy stood by watching the pro- 
cess, as she had done the evening before; 
but Rollo did not assert so confidently and 
positively what the result would be. He 
had leamed moderation by the experience oí" 
the night before. 

When all was ready, Joñas lighted the end 
of the slender roll in the lamp, and plungad 
it carefuUy into the tumbler. It went out 
immediately. 

'' There ! " said Rollo, clapping his hands, 
" it goes out." 

" Why, it is only because the wind blew 
it out." 

"No, Dorothy," said Rollo, "there isn*t 
any wind in the tumbler," 

" Yes," replied Dorothy, " when you push 
it down, it makes a little wind, just enougb 
to blow it out." 

" Get another tumbler," said Joñas, " and 
let US see." 

So Dorothy brought another tumbler, and 
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Joñas put the buming end of the paper down 
into it, with about as rapid a motion as that 
with which he had put it before into the 
tumbler he had at first. The paper con- 
tinued to bum. 

"There," said he to Dorothy, "when I 
put it down into common air, it burns on 
the same as ever ; so it can't be that the wind 
puts it out." Joñas repeated the experiment 
a number of times; the eflfect was always 
the same. Whenever he put it into the 
tumbler of common air, it bumed on without 
any change ; but whenever he put it into the 
choke damp, it immediately went out. Even 
Dorothy was satisfied that there was a diflfer- 
ence in the kind of air contained in the tyo 
tumblers. 

That evening, when Rollo gave his mother 
a full account of their attempts, — describing 
particularly their failure at first, and their 
subsequent successes, — his mother seemed 
much interested. When he had finished, she 
said, — 

" Well, Rollo, I don't see but that you 
have leamed two lessons in philosophy." 

" Two lessons? " said Rollo. 

" Yes," replied his mother. " The first is 
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that fíre will not bum in choke damp ; and 
the secoad is, that it requires nice attention 
and care to verify philosophical truths by ex- 
periment." 

" Yes," said Rollo, " we missed the first 
time, just because we had too big a paper." 



qUE STI ONS. 

Why did Joñas sappoae that the stump wonld not bum ? 
What was RoUo's first mode of setting it on fiíe ? How 
did it succeed ? What did Joñas do with his axe, when he 
carne ? What was the object of tfais ? What did he my 
was necessary to make fires bnm ? What did Rollo at fint 
think was the reaaon why the bark went out when held 
over the fire ? What did he next think was the reason ? 
How did Joñas say that difiérent kinds of aira wete pre- 
pared ? In what places did he say that choke dMmp wtm 
naturally produced ? How did they attempt to prepare 
some of this gas ? Did they succeed in preparíng it ? Did 
they succeed in their ezperíment at fint ? What wat the 
cause of the failoze? 
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" It would seem," continued his father, in 
a pompous tone, as if still addressing the 
earth — " it would seem, most mighty planet, 
a very easy thing for thee to reléase this 
single stoiíe, for a few minutes, from the grasp 
ifrith which thou holdest all things down. 
upon thy surface. And by it I shall gain 
much, while thou wilt lose nothing ; for, if 
thou wilt not willingly give up the stone, I 
must get three or four yoke of strong oxen, 
and, by main forcé, pulí it away." 

" Is that what makes everything heavy ? " 
said Rollo. 

" Yes,", said his father, answering now 
in his natural tone ; " the attraetion of the 
earth is what makes everything heavy, and 
holds it down." 

" And could we move a monstrous great 
stone," said Rollo, "as light as a feather?" 

" No," said his father, " it would not move 
along quick and light, like a feather. You 
could not move it quick. Suppose, for 
instance, you had two boats, floating upon 
the water, of the same size ; one made very 
light indeed, of something very thin, like 
paper, and empty; and the other made of 
wood, and loaded with iion as heavily as ít 
g 13 
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as for Rollo, he looked disappointed and 
vexed, and appeared to be overwhelmed with 
chagrín. 

Dorothy continued to laugh at them, while 
Joñas went to the pump and washed out the 
tumbler. At length she said, — 

'^ But come, Rollo, don't be so disconsolate. 
You look as if you had swallowed all the 
choke damp." 

" Yes, Rollo," said Joñas, " we must keep 
good-natured, even if our experiments do 
feil." 

'^ Well," said Rollo, '' I mean* to ask Misa 
Mary again, and then we can do it, I know." 

Rollo accordingly went, the next day, to 
ask Miss Mary about the cause of the failure. 
Miss Mary said that she could not think of 
any thing which was likely to be the cause, 
unless it was that they put too large a flame 
into the tumbler. 

" Well,'* replied Rollo, " and what harm 
would that do ? Won't the choke damp put 
out a large liame ? " 

"Yes," replied Miss Mary, "if it only 
fairly surrounds and covers it ; but, then, if 
you put a large flame into a tumbler, it makeSi 
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the first ínstant, a great corrent of air^ and so 
the choke damp might be blown out, and 
common air get in, and so keep the paper 
burning." 

"How does it make a current of air?" 
asked Rollo. 

" Why, the heat of the flame, when you 
first put the paper ín," replied Miss Mary, 
^'makes the air that is aboye it lighter; 
and the common air all aromid crowds in 
under it, in buoying it up; and by that 
means, if the flame is too lai^e, common air 
is carried into the tumbler. You ought to 
make a yery small flame, if you leave the top 
of the tumbler open." 

'^ How can we make a small flame ? " said 
Rollo. 

" One good way," replied Miss Mary, " is 
to roU up some paper into a very small roU. 
I will show you how." 

So Miss Mary took a piece of paper, and 
cut it into the proper shape with her scissors, 
and then roUed it up into a long and very 
slender roll ; one end of it was not much 
largar than a large knitting-needle. She gave 
this to Rollo, and told him that, if he tried 
the experiment again, he must light the small 
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ená, and it would make a flame not so bíg as 
a pea. 

Rollo explained to Jonas what Miss Mary 
had saíd, and they resolved on attempting the 
experiment again that evening. And they 
did so. Dorothy stood by watchii^ the pro- 
cess, as she had done the evening before; 
but Rollo did not assert so confidently and 
positively what the result would be. He 
had leamed moderation by the experíence of ' 
the night before. 

When all was ready, Jonas lighted the end 
of the i^ender roll in the lamp, and plunged 
it carefuUy into the tumbler. It went out 
immediately. 

'^ There i " said RoUo^ clapping his handsy 
" it goes out." 

" Why, it is only because the wind blew 
it out." 

"No, Dorothy," said Rollo, "there isaH 
any wind in the tumbler." 

" Yes," replied Dorothy, " when you push 
it do WD, it makes a little wind, just enougb 
to blow it out." 

" Get another tumbler," said Jonas, " and 
let US see." 

So Dorothy brought another tumbler, and 
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Joñas put the bnming end of the paper down 
ínto ít, with about as rapíd a motion as that 
with which he had put it before into the 
tumbler he had at first. The paper con- 
tinued to bum. 

"There," said he to Dorothy, "when I 
put it down into common air, it burns on 
the same as ever ; so it can't be that the wind 
puts it out." Joñas repeated the experiment 
a number of times ^ the effect was always 
the same. Whenever he put it into the 
tumbler of comnlon air, it bumed on without 
any chango ; but whenever he put it into the 
choke damp, it immediately went out. Even 
Dorothy was satisfied that there was a differ- 
ence in the kind of air contained in the tyo 
tumblers. 

That ev.ening, when Rollo gave his mother 
a full account of their attempts, — describing 
particularly their failure at first, and their 
subsequent successes, — his mother seemed 
much interested. When he had finished, she 



" Well, Rollo, I don't see but that you 
have leamed two lessons in philosophy." 
" Two lessons ? " said Rollo. 
" Yes,^' replied his mother. " The first is 
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that fire will not bum in choke damp ; and 
the secoad is, that it requires nice attention 
and care to verify philosophical truths by ex- 
periment." 

" Yes," said Rollo, " we missed the first 
time, just because we had too big a paper." 



qUE STI ON 8. 

Why did Joñas suppoae that the stiimp woold not bum ? 
What was RoUo's first mode of setting it on fiíe ? How 
did it succeed í What did Joñas do with his aze, when he 
carne ? What was the object of tfais ? What did he mj 
was necessary to make fires bum ? What did Rollo at fint 
think was the reason why the bark went out when heUl 
over the fire ? What did he nezt think was the reason ? 
How did Joñas say that difiérent kinds of airs wete pre- 
pared ? In what places did he saj that choke dMmp wtm 
naturallj produced ? How did thej attempt to prepare 
some of this gas ? Did they succeed in preparíng it ? Did 
they succeed in their ezperiment at first? What wat the 
cause of the failoze? 
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CHAPTER X. 



GRAVITATION. 



One evening, after tea, when Rollo was 
a pretty big boy, he carne and begaa to 
climb up into his father's lap. When he had 
climbed up, he took his place astride of his 
father's knee, as if he were riding a horse. 
His little brother Nathan carne up and stood 
near, wanting to get up too, only there was 
not room. His cousin James was there, that 
evening, on a visit. Hé sat upon a cricket 
before the fire, and his mother was at the 
táble doing some sort of work. 

" O dear me ! " said RoUo's father, imita- 
tíng the tone in which Rollo sometimos 
uttered that exclamation. 

«What,sir?" said Rollo. 

" Why, I should like very well to hold 
you in my lap," said his father, " if it was not 
for the great mighty earth, down below us." 

^^ How ? " said Rollo. He did not know 
vhat his father meant. 
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" Why, when you are upon my knee, the 
earth, the ponderous earth, pulís yon down 
hard and heavy upon it." So saying, he 
put his hands upon RoUo's shoulders^ and 
crowded them down, by way of showing 
him how the earth acted upon him. ^'It 
pulís," he continued, "with a strong and 
steady pulí, aU the time ; and so makes you 
a very heavy weight." 

^'Is that what makes weight?" said 
Rollo. 

" Yes," said his father. " So, if I had a 
monstrous stone to move, and if I thought 
the earth would listen to me, and let go its 
hold, I might make a speech to it thus : — 

" * O earth, thou vast and ponderous ball, 
please to relax thy hold, for a few min- 
utes, upon this stone, and leave it free to 
move ; and then Rollo can tie a string to it, 
and move it easily along to the place where 
I want it to lie ; then thou mayst seize it 
again with thy mighty attraction, and hold 
it down as firmly as thou wilt.' " 

" O father ! " exclaimed Rollo ; Nathau 
and James laughed, and Rollo's mother 
looked up from her work to listen to this 
strange apostrophe. 
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" It would seem," continued his father, in 
a pompous tone, as if still addressing the 
earth — " it would seem, most mighty planet, 
a very easy thing for thee to reléase this 
single stoiie, for a few minutes, from the grasp 
Iw^ith which thou holdest all things down. 
upon thy surface. And by it I shall gain 
much, while thou wilt lose nothing ; for, if 
thou wilt not willingly give up the stone, I 
must get three or four yoke of strong oxen, 
and, by main forcé, pulí it away." 

" Is that what maJkes everything heavy ? " 
said Rollo. 

" Yes,", said his father, answering now 
in his natural tone ; ^^ the attraction of the 
earth is what makes everything heavy, and 
holds it down." 

"And could we move a monstrous great 
stone," said Rollo, "as light as a feather?" 

" No," said his father, " it would not move 
along quick and light, like a feather. You 
could not move it quick. Suppose, for 
instance, you had two boats, floating upon 
the water, of the same size ; one made very 
light indeed, of something very thin, like 
paper, and empty; and the other made of 
wood, and loaded with iion as heavily as ít 

g 13 
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Rollo seemed to be very much inteiested 
in thís conversation. He had dismounted 
irom his íather's knee, and stood by his side, 
listening eagerly. His mother, too, was pay- 
ing cióse attention. As for Nathan, he sat 
still ; though it is not by any means certain 
that he understood it very well. 

'^Let US suppose," said his fiíther, "that 
the mass of lead, as big as a load of hay, 
is fastened to one end of a stick of timber." 

" That would not be strong enough to 
hold it," said Rollo. 

" Well, then, to a beam of iron, as laji^e as 
a stick of timber," rejoined his father. 

" O," said James, " you could not get such 
a big bar of iron." 

" No," replied his father, " only an imagi- 
nary one ; and that will be just as good as 
any. Now, suppose the great mass of lead is 
fastened to one end of this bar, and another 
one, just like it, to the other end, to balance 
it. Now, suppose that the lower end of the 
great chain is secured axound the middle 
of the iron beam, and the upper end to be 
fastened to some strong support up in the air. 
STow, we can move the mass of lead withom 
"^ving to liít it at a]ll ; for, if we pudí against 
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it, and make it move, it will move round 
and round, without rising at all, as it did 
before, when it was hung up directly by the 
chain." 

Rollo's father then went on to explain to 
them that, in such a case as this, the weight 
of the two masses of lead would not prevent 
their moving easily, for they would exactly 
balance each other. A little child would be 
able to move them; but still they would 
move exceedingly slow at first, and it would 
be hard to stop them, when they were in 
motion. So, he said, if the earth should 
cease to attract and draw down any great, 
heavy body, like a large stone, for example, 
the smallest child could lift it, though it 
would come up slowly,'just as a very heavy 
body would move, if it was suspended by 
a string, ,or waaafloat upon the water. 

"And fio," said Rollo, "if the earth 
should not attract us, could we push our- 
selves right up off from the ground ? " ^ 

"Yes,'' said his father, "most undoubt- 
edly." 

" What, and go about anywhere in the 
air ? » 

" Certainly." 

13* 
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Rollo began to laugh alond at this idea, 
and looked very much interested and pleased. 

"O, then I wish there was no gravita- 
tion," said Rollo ; " I do, really." 

" But, then," continned his father, " if you 
should get iip iiito the air, you could not get 
down again." 

"Why not?" said Nathan, beginnirig to 
leok a little coneerned. 

" ünless," said his father, "you had some- 
thing above you, to push against, so as to 
push yourselves down. You would be just 
like a boy in a boat, off from the shore, and 
without any paddle or pole. He could not 
get back again." 

" We might tie a ropa to something," 
said James, " before we went up, and so pulí 
ourselves down." 

" Yes, that you might do." 

"And could not we flap our hands; like a 
bird, and so fly a little ? " 

" Perhaps you could," said his father. 

Here the children all began to flap their 
hands, like young birds trying to fly; and 
Rollo said again, he wished, with all his heart, 
there was no gravitation ; " for then," said 
he, " we shoold have strength enotigh to ñy/' 
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" That would lead to serious consequences," 
said bis father. 

" What consequences ? " said James. 

"Much more serious than you would 
suppose." 

" Tell US what they would be, únele," 
said James. 

" O, I know," said Rollo j " you could not 
stand up straight without gravitation." 

" O, we could, couldn't we, father ? " said 
Nathan. 

" What makes you think, Rollo," said bis 
father, without replying to James's question 
— " what makes you think that we could not 
stand up straight without gravitation ? " 

" Why, you see," said Rollo. — Here he 
paused, and looked confused, and did not 
know what to say. . He had an indistinct 
recollection of having read something about 
it in some book ; but he could not tell what. 

"I don't see what should prevent any 
body's standing up straight, if the attraction 
of the earth should ceáse ; in fact, if it made 
any diíference, it would be rather easier to 
stand up straight." 

Here Rollo looked rather foolish, but he 
did not reply. The truth is, like almost all 
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other children, who take an interest in 
readiñg, he was sometimes a little vain of 
his knowledge; and in this case, instead 
of listening attentively, and endeavoring to 
leam something new from his father's expía- 
nations, he seems to have thought it a good 
plan for him to help him elucídate the sub- 
ject to James and Nathan. He exchanged 
the character of leamer for teacher too soon. 

" Well, únele," said James, " Avhat would 
be the consequence if gravitation should 
cease ? " 

" Why, in the first place,'* said RoUo's fa^ 
ther, "all the streams in the world would 
stop running." 

'^ The streams ! " said Rollo, astonished. 

"Yes," said his father, "every river, 
brook, and rill. The reason why the streams 
flow is, that the earth attracts the water 
from the mountains and hills, dovvn into the 
valleys and towards the sea." 

" Well, sir, what else ? " said Rollo. 

"Why, there would never be any more 
rain." 

" No more rain ! " exclaimed all the chil- 
dren. 

" No/' he replied» " The drops of rain fall 
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only because the earth draws them down by 
its attraction ; and, of course, if this attraction 
should cease, they would remain where they 
are." 

The children were musing a minute upou 
these strange efiects, when Rollo asked if any- 
thing else would happen. 

" Why, yes," said his father, " worse dis- 
asters than these ; but I do not know wheth- 
er you would understand them, if I should 
explain them." 

" O, try," said Rollo ; " I think we shall 
understand." 

"Well, let me think," said his father. 
" You have noticed how a chaise wheel, on 
a muddy road, in a wet day, holds the mud 
upon it, until when it is going very swiftly 
down a hill, and then the mud flies off in all 
directions." 

<' Yes, sir," said all the children. 

'^ And if the mud did not stick to the 
wheel pretty tight, it would be thrown oflf at ' 
all times, even when the wheel was going 
slow. You understand this." 

" Yes, sir." 

" Well, now, this whole earth, you all know, 
is whirling around through space, and moving 
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on also around the sun. And all the loóse 
things upon the surface would be thrown 
oflf at once, if they were not held to it by a 
strong attraction. If this attraction were to 
cease suddenly, — whisk ! — away we should 
all go in an instant — rocks, houses, men, ani- 
máis, all in confusión." 

" O father ! " exclaimed Rollo ; " where 
should we go to, — off into the air ? " 

"Not exactly into the air, for the air 
would all fly off, and be dissipated too ; we 
should fly off into the sky somewhere, some 
in one direction, and some in another. You'd 
be a thousand miles off from the earth, almost 
before you would know it." 

" Would it kill US, father ? " said Nathan. . 

"Yes," said his father. "I.don't know 
that there would be any shock that would 
hurt US, but we should have no air to breathe, 
and it would be dark and dismal." 

" Dark ? " said Rollo. " There would be 
the sun." 

" Yes," said his father, " there would be 
the sun ; and the sun would look bright 
enojugh when you looked directly towards it, 
but there would be no general light about 
Vou, unless there was air." 
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The children all paused to reflect iipon 
the strange results which their father had 
told them would ensue from a suspensión of 
the. earth's attracíive forcé. Rollo began to 
think that he had been too hasty in his wish 
that there was no gravitation. 

" But, father," said he, " the houses would 
not go off, certainly ; — only the loóse things 
would go." 

" Very well ; houses are loóse." 

" O father ! they are fastened down." 

"How are they fastened down?" asked 
his father. 

" O, they are nailed — and," 

" Not nailed to the ground, certainly," said 
his father. 

"No," said Rollo, lafl^ing; "but then 
they are built with great stcHies and mortar." 

"Yes, but there is no mortar imder the 
lowest stones. The foundations are simply 
laid upon the ground." 

" Well," rejoined Rollo, " I thought they 
were feístened somehow or other." 

"No," said his father; "they dig the cel- 
lar, and only just lay the foundations upon 
the ground, without any fastening. The 
earth holds them in place." 
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« WeU, father," said RoUo, " that is what I 
meant, when I said we could not stand up 
straight. I meant the houses. I read in a 
book that houses would be blown away, if 
the gravitation did not hold them down." 

Here Rollo's father had a heaxty laugh, 
and he told Rollo that he thought that was 
rather wide shooting. Rollo wanted to 
know what he was laughing at; and Na- 
than asked him what he meant by wide 
shooting. 

"Why," said he, "Rollo, yon undertook 
to explain to us, from your stores of knowl- 
edge, what the eífects of a suspensión of 
gravitation would be ; and, in attempting to 
tell that houses would be in danger of being 
blown away, yon carne no nearer than to teU 
us that boys could not stand up straight ; and 
that is what I cali pretty wide shooting." 

So saying, he rose from his seat, and 
walked away, appearing to be very much 
amused. James laughed too, and even Rollo 
could not help smiling at the ridiculous 
figure which his display of his leaming 
made. As for Nathan, he continued to look 
grave, and said he did not see that it wasany 
ihooting at all. 
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After a short pause, RoUo's mother said, 
" So you see, children, the cause of all the 
pressure, both of air and of water, and all the 
eflfects produced by them, are the results of 
their gravitation towards the earth." 

" Yes," said Rollo, " I believe I under- 
stand it now." 

After this. Rollo took James and Nathan 
out into the yard, to see if some beans had 
come up, which he had been planting in a 
sunny comer of the garden the day before. 



<iUE s T I o N s. 

What was Mr. Holiday's apo^irophe to tbe earth? 
What is the cauae of weight? Why did the boys wish 
that there waa no gravitiition ? What was the first eril 
consequenoe whicb. their father taid woold ensue, if there 
was no gravitation? What was the second evil conse- 
quenoe ? What did their mother say after the conversation 
with their father was clooed ? 
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CHAPTER XI, 

AIR IN MOTION. 

Rollóos daia, which he had made when 
he was studying the j^osophy of water, 
and which was at first andermined by the 
pressure of the water, was afterwards carried 
away by its momentum. Rollo karned, at 
that time, that water moving rapidly had a 
great momentum ; and about this time he had 
an opportunity of leaming that air, when in 
motion, had a momentmn too, capáble of 
producing very powerfdl effects. The cir- 
cumstances of the case were as follows : — 

One morning, towards the latter part of 
March, Joñas, being out in the bam, obserred 
some indications that the roof wanted re- 
pairs. It had been strained and weakened 
by the heavy snows in the winter. He re- 
ported the fact to RoUo's fiíther, who said 
that he might go, the next day, and get the 
'^.arpenter to come and repair it. The car- 
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penter lived ten miles distant, near the shore 
of a long pond. 

When Rollo heard of tíiis proposed expe- 
dition, he wanted to go too ; and his father 
gave him pennission. Jcwaas was going in 
the wagón. He told Rtdlo, the evening be- 
fore, that he meant to set out at six o'clock. 

" But suppose it looks like a stonn," «aid 
Rollo. 

" Then theie will be more need of going," 
said Joñas; ^'for if tíie equinoctial storm 
eomes on before the roof is strengthened, it 
may get camed away." 

"What is the equinoctial stonn?" said 
Rollo. 

" O, it is a great stonn, which comes gen- 
erally abont this time of year. I shouldn't 
wonder if it ahonld come on to-moirow. 
But it may not come for a week ; and so I 
hope we diaL have time to get the rocrf 
mended firsL" 

** Doep it look like a stonn to-night ? " 
said Rollo. 

" No, not mnch," leplied Joñas. " It is a 
little hazy in the south-west However, if 
it looks like a stonn in the moming, you need 
not go, unless you choose ; though I shall." 
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" I wish you d wait till the storm is over," 
said Rollo. 

" No," said Joñas, " I liad rather go in the 
storm than not." 

" Why ?" said Rollo. 

" Because,*' said Joñas, " I like to be out 
in storms. Sometimes it is very grand." 

The next morning, when Rollo awoke, he 
found that it was light, but not yet sunrise. 
He aróse, and looked out of the window to 
see if it was pleasant. The sky was some- 
what overcast, but there was a little blue to 
be se^n, and Rollo thought that it would be 
pleasant. He heard a noise in the barn-yard, 
and, looking in that direction, he saw Joñas 
just leading the horse out of the stable. So 
he dressed himself soon, and went down, 

When he got ready, he went down into 
the yard, and found that Joñas had got the 
horse harnessed, and everything prepared. 
There was a little bag of oats in the back 
part of the wagón, and also a tin paij, with a 
cover, which contained a luncheon. Joñas 
fastened the horse to a post, and said, — 

"Now, Rollo, we'll go in and get som« 
breakfast." 



AIB m MOTION. 161 

" I thought that luncheon was for break- 
fast," said Rollo. 

"No," said Joñas, "that is for dinner.'" 

"Shall we be gone all the day?" said 
Rollo. 

" We may be gone till after dinner," said 
Joñas, "and so I thought I would be sure." 

The two boys went into the house, and 
there they found that Dorothy had got some 
breakfast ready for them upen the kitchen 
table. After eating their breakfast, they got 
into the wagón, and set out. Joñas first put 
in a large umbrella. Just as they were driv- 
ing out of the yard, the first beams of the 
morning sun shone in under the branches of 
a great tree in the yard, and brightened up 
the tips of the horses' ears and the boys' faces. 
At the same time, a rude gust of wind carne 
around the comers of the house, and slammed 
to the gate of the front yard. 

"It's going to be pleasant,'' said Rollo; . 
" the sun is coming out." 

"I'm not very sure of that," said Joñas; 
" the wind is rising." 

" We start just at sunrise," said Rollo. 

"Yes," replied Joñas, "the sun always 
rises at six o'clock at this time of the year." 

g* 14* 
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The boys rodé along for about three hours, 
belbre they carne to the carpenter's, They 
were obliged to travel very slow, for the 
roads were not good. It is trae that the 
snow was all gone, and the frost was nearly 
oiit of the ground ; but there were many deep 
ruts, and in some places it was muddy. , The 
Axa went into a cloud soon after they set out, 
and it continued overcast all the morning. 
There was some wind too, but, as it was be- 
hind them, and as the road lay through woods 
and among sheltered hills, they did not ob- 
serve it much. Joñas said that there was a 
storm coming on, but he thought it was com- 
ing slowly. 

They arrived at length ot the pond. 
There was a little village there, upon the 
shore of the pond. The reason why there 
happened to be a village there, was this : A 
stream of water, which carne down from 
among the mountains, emptied into the pond 
here, and, very near where it emptied, it fell 
over a ledge of rocks, making a waterfall, 
where the people had built some milis. 
Now, where there are milis, there must gen- 
erally be a blacksmith's shop, to mend the 
' on work when it gets broken, aod to repaúr 
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tools. There is often a taveru, also, for the 
people who come to the milis; and then 
there is generally a store or two ; for wher- 
ever people have to come together, for any 
business, there is a good place to open a 
store, to sell them what the y want to buy. 
Thus there was a little village about these 
milis, which was generally called the Mili 
village. 

Joñas ínquired where the carpenter^lived, 
and then drove directly to his house. He 
found that he was not at home. He had 
gone • across the pond, to mend a bridge, 
which had been in part carried away by the 
floods made when the snow went oíF. Rollo 
sajt in the wagón in the yard by the side of 
the carpenter's house, while Joñas stood at 
the door, making inquirios and getting this 
information. 

" If you want to see him very much," said 
the carpenter's wife, '^ I presume you can get 
a boat down in the village, and go across the 
pond." 

" How far is he from the other side of the 
pond ? " 

" O, cióse by the upperlanding," said she ; 
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" not a quarter of a mile from the shore, right 
up the road." 

Joñas thaiiked the woman for her infonnar 
tion, and got into the wagón. 

" Let US get a boat and go over, Joñas," . 
said Rollo, as they were tuming the wagón 
round. 

" I should," said Joñas, "if there was not 
such a threatening of a storm." 

" It does not blow much," said Rollo. 

" No," said Joñas, " not much now, but 
the wind may rise before we get back. 
However, we'U go and see if we can* get a 
boat." 

After some inquiry, they found a boat, at 
a little distance out of the village, ín a sort 
of cove, where there was a fine, sandy beach. 
The boat was of very good size, and it had 
in it two oars and a paddle. Joñas looked 
out upon the water, and up to the sky, and 
he listened to hear the moaning of the wind 
upon the tops of the trees. He wanted very 
much to persevere in his effort to find the 
carpenter; but then, on the other hand, he 
was not sure that it was quite safe to take 
Rollo out upon the water at such a time. 
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He sat upon a log .upon the shore a few 
minutes, and seemed lost in thought. 

At last he said, — • 

" Well, RoUo, I believe we'U go. The 
worst that will happen will be, that you may 
get frigh tened a little. We can't get hurt." 

" Why can't we get hurt ? " said Rollo. 

" Why, even if it comes on to blow hard, 
it will probably be a steady gale, and I can 
rmi before it, if I can't do anything else. 
And there can't be much of a sea in this 
pond." 

Rollo did not know what Joñas meant 
by much of a sea in the pond ; but, as Joñas 
immediately went to work taking the horse 
out of the wagón. Rollo did not ask any 
questions. The boys unharnessed the horse, 
for Joñas said he would stand easier out of 
haraess, and they might be gone more than 
an hour. They fastened him then to a tree, 
and poured the oats down before him upon 
the ground. Then Joñas helped Rollo into the 
boat, and put in the tin pail containing their 
luncheon, and also the mnbrella ; though he 
said he did not think it would rain before 
they got baok. Then he shoved oflF the boat, 
and jumped in himself ; and very soon they 
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were gliding smoothly along out of the 
cove. 

Rollo wanted to row ; and so Joñas let 
him take one oar, while he himself sat in the 
stern with the paddle. Rollo soon ieamed 
the proper motion, so that his efforts assist- 
ed considerably in propelling the boat. 
They found, when they were out at a littlo 
distance upon the water, that the wind blew 
much harder than Rollo had expected. 

"Joñas," said he, "the wind blows more 
here than it did upon the shore." 

" No," said Joñas, " only we feel it more 
here than when we were under the lee of 
the land." 

"What do you mean by the lee of the 
land? " said Rollo. 

" I mean the shelter of it," replied Joñas. 
"Whenever a ship at sea is sheltered by 
anything, they say the ship is under its 
lee." 

The boys went on. Rollo rowing, and 
Joñas paddling behind, until at length Rollo 
got tired. Joñas then told him to sfnread the 
umbrella, and hold it up for a sail. Rollo 
did so. The wind was blowing pretty 
nearly in the direction in which Üiey weie 
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going, and, by its impulse upon the umbrella, 
it caused it to piül very hard. Rollo rested 
the middle of the handle oí the umbrella 
upon his shoulder, holding the crook in his 
hand, tuming it in such a position as to pre- 
sent the open part of the umbrella fairly to 
the wind. Joñas continued to paddle, and 
so they went on very prosperously until they 
had got two thirds across the pond, when 
Joñas ordered Rollo to take in sail. 

" Why," said Rollo, " we have not got 
across yet." 

"No," replied Joñas, "but the wind is 
taking US out of our course." 

Rollo drew down the umbrella, and looked 
around. They were still at a considerable 
distance from the shore. Joñas extended 
his paddle out into the water as far as he 
could reach, and then drew it in towards him 
with several quick and strong strokes, as if 
he were endeavoring to pulí the stern of the 
boat, in which he was sitting, round. 

" What are you doing so for ? " said Rollo. 

" I am trying to bring her up into the 
wind," replied Joñas. 

" AVhat is that for ? " asked Rollo, 
'Why, weVe drifted to keward," said 
h 15 
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boat after the storm had subsided. When 
they got home, RoUo's father said that he 
was sorry for their fatigues and exposures, 
but he was very glad that Joñas had perse- 
vered and found the carpenter ; for the high 
wind had blown down the back chimney 
and broken the roof over the kitchen, and 
it was very necessary to have it repaired 
immediately. 



^ü E ST I o N S. 

What is momentumf Has air mometitum, when it is in 
inotion, as well as water ? At what time in the spríng óf 
the year does the sun rise at six o'clock ? What did Rollo 
think was the prospect in respect to ti e weather ? What 
did Joñas think ? What is meant by h-'ing under the lee 
of a shore? What is a squaüf Wha^. indioations did 
Joñas observe of the approach of the squali ' What oeurse 
did he pursue in order to avoid the danger . >{ ít ? 



172 AIK. 

I 

Accordingly Joñas went on, leaving Rollo 
eated upon a bank watching the work. In 
aboiit three quarters of an hoiir, he returaed ; 
and then he and Rollo went back to the 
boat. The wind had all this time continued 
to increase, though they were so much shel- 
tered, that they did not notice it much. 

Joñas, however, observed that some light, 
scudding clouds were flying across the sky, 
very low, being apparently far beneath the 
other clouds. When they reached the boat, 
Rollo proposed that they should stop and eat 
some luncheon; but Joñas said that he 
should eat his with a better appetite on the 
other side of the pond. So he hastened 
Rollo into the boat, and, taking his station in 
the stern, he began to ply his paddle with 
all his forcé, running the boat along under 
the shelter of the'high shore. 

"There isn't much wind. Joñas," said 
Rollo. 

" We can tell better when we come round 
the point," replied Joñas. 

Rollo observed that Joñas looked a little 
anxious, and he also seemed to be exerting 
himself so much in the long, steady strokes 
of his paddle, that it appeared to be rather an 
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" Up on the rocks," said Rollo; "let's go 
up on the rocks, mother. It will be beauti- 
ful there this moming." 

" Well," replied his mother ; " we'U go up 
on the rocks." 

The place which Rollo callea the rocks, 
was the summit of a rocky hill, which had a 
grassy slope upon one side, by which they 
could ascend, and a precipice of ragged rocks 
upon the other. There was a very pleasant 
prospect from the top of the rocks. 

As they walked along, Rollo said that it 
was very different weather that still morning, 
from what it was the day that he and Joñas 
were out upon the pond. 

" Yes," said his father, " you had an op- 
portunity to see the effects of air in motion 
then." 

" And now air at rest,^^ replied Rollo. 

" Pretty n«arly," said his father. 

"Yes, lir, entirelp,^^ said Rollo ; "there is 
no wind at all, this morning : hold up your 
hand, and you can feel." 

So Rollo stopped a moment upon the 
grass, and held up his hand to see whether 
there was any wind. 
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it out over the side of the boat into the 
pond again. They were going on in this 
way, both toiling very laboriously, when 
suddenly they began to hear a sound like 
distant thunder, somewhat louder Ihan the 
ordinary roaring of the wind. They both 
looked towards the shore in the direction 
from which the sound carne. On the de- 
clivity of a range of hills covered with forests 
they saw an unusual commotion among the 
trees. The tops were bowed down with 
great forcé ; the branches were broken off, 
and Joñas thought that he could see frag- 
ments of them flying in the air ; and pres- 
ently, farther down, he observed several tall 
pines bending over, and thensinking down 
till they disappeared. 

" What is it ?" said Rollo. 

" A squall," said Joñas, — " and coming 
down directly upon us." 

" What shall we do ? " asked Rollo. 

"Put the boat before the wind," replied 
Joñas, " and let her run : we must go where 
the squall carries us." 

Joñas immediately began to piül the stem 
of the boat around with his paddle, so as to 
*um the head of it away from the quarter 
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which the winJ was blowing from; and 
then the wind drove the boat along very 
rapidly over the waves, which curled and 
foamed on each side. driving onward with 
great fury. When they looked around be- 
hind them, they saw that the pond, which 
was of a very dark color, though spotted 
with the white tips of the waves all over its 
surface, was almost black for a large space 
in the direction from which the squall was 
coming. It advanced with great rapidity, 
and at last struck the boat with a noise iike 
thunder. The froth and foam flew over the 
surface of the water Iike tufts of cotton, 
and the boat seemed to fly along the 
water with almost as much speed as they; 
and the roaring of the winds and waves was 
so loud that Rollo had great difficulty in 
making Joñas hear what he had to say. Af- 
ter a few minutes, the violence of the wind 
somewhat abated ; but it still blew a steady 
and furious gale, so that Joñas had to keep 
his boat directly before it. Thus they were 
driven on, wherever the wind chose to carry 
them, for more than half an hour. 

Then they began to draw near the land, 
far, however, very far from the place where 
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they had ínte:.ided to go. Rollo observed 
that Joñas was looking out very eagerly 
towards the shore, and he asked him what 
he was looking for. 

" Why, here we are," said Joñas, " on a 
lee shore, and I am looking out for a place 
to laúd." 

Rollo looked, and saw that the waves were 
tumbling with great violence upon the rocks 
and gravelly beaches which lined the shore, 
and he was afraid that the boat would get 
dashed to pieces upon them. Joñas, however, 
observed a large tree, which originally stood 
upon the bank, but which had fallen over, 
and now lay with its top partly submerged. 
He thought that this might aSbrd him some 
shelter, and so he made great exertions to 
guide the boat so as to bring it in to the 
shore around behind this tree. By means 
of great efforts he succeeded ; and so he and 
Holló both escaped safe to land. 

The boys did not get home until late that 
night, for they were thrown upon the shore 
nearly two miles from the Mili village, and 
of course they had that distance to walk. 
Joñas was detained a little there, too, in 
mnking arrangements to send a boy for the 
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boat after the storm had subsided. When 
they got home, RoUo's father said that he 
was sorry for their fatigues and exposures, 
but he was very glad that Joñas had perse- 
vered and found the carpenter ; for the high 
wind had blown down the back chimney 
and broken the roof over the kitchen, and 
it was very necessary to have it repaired 
immediately. 



^ü E S T I o N S. 

What is momentumf Has air momentum, when it Í8 in 
inotion, as well as water ? At what tinie in the spring óf 
the year does the sun rise at six o'clock ? What did Rollo 
think was the prospect in respect to ti e weather ? What 
did Joñas think ? What is meant hy h-mg undér the lee 
of a shore? What is a aquuüf Wha': indications did 
Joñas observe of the approach of the squali ' What ceurse 
did he pursue in order to avoid the danger . 'í ít? 



CHAPTER XII. 

AIR AT REST. 

A FEw days after the adventure described 
in the preceding chapter, Rollo heard his 
father proposing to his mother that they 
should take a walk the next morning before 
breakfast. Rollo wanted to go too. His 
father said that they should be very glad to 
have his company ; and he promised to wake 
him in season. 

Rollo felt rather sleepy, when his father 
called him the next morning ; but he jmnped 
up und dressed himself, and was ready firsf 
of all. It was a cool, but a very pleasant 
morning. The sim was just coming up. 
• The ground in the path before the door was 
frozen a little, and the air seemed very still. 

When RoUo's mother carne out to the 
door, she said,. — 

"Well, husband, which way shall we 
go?" 
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" Up on the rocks," said Rollo ; "let's go 
up on the rocks, mother. It will be beauti- 
ful there this moming." 

" Well," replied his mother ; " we'll go up 
on the rocks." 

The place which Rollo callea the rocks, 
was the summit of a rocky hill, which had a 
grassy slope upon one side, by which they 
could ascend, and a precipice of ragged rocks 
upon the other. There was a very pleasant 
prospect from the top of the rocks. 

As they walked along, Rollo said that it 
was very different weather that still morning, 
from what it was the day that he and Joñas 
were out upon the pond. 

" Yes," said his father, " you had an op- 
portunity to see the effects of air in motion 
then." 

" And now air at rest,^^ replied Rollo. 

" Pretty n«arly," said his father. 

*' Yes, sir, entirelp,^^ said Rollo ; "there is 
no wind at all, tliis morning : hold up your 
hand, and you can feel." 

So Rollo stopped a moment upon the 
grass, and held up his hand to see whether 
there was any wind. 



180 AIR. 

*' I know there is iiot any wiiid that you 
can perceive in that way," said his father. 

"How can we perceive it, then?" said 
EoUo. 

*'I'll tell you," replied his father, "when 
we get to the top of the hill." 

They reached the top of the hill soon after 
this, and sat down upon a smooth stoae. 
There was a very wide prospect spread out be- 
fore them, — fields, forests, hamlets, streatnS| 
— and here and there, scattered over the 
landscape, a little patch of snow. The siin 
was just up, and the whole scene was very 
bright and beautifiil. 

" Now, father," said Rollo, " tell me how 
you know that there is any wind at all." 

" I did not say that there was any mnd» 
I said motion ofthe air^ 

" Why, father," replied Rollo, " I thought 
that wind was motion of the air." 

" So it is," said his father ; " but all motion 
of the air is not wind. Wind is a current of 
air, that is, a progressive motion ; — and in 
fact, there is, this moming, a slight current 
from the westward." 

" How can you tell, father ? " asked Rollo. 
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^^ By the smokes firom the chimneys ; don't 
you see that they all leanalittle from the 
west towards the east ? '' 

^^Not but a Hule, father;— and there's 
one, from that red house, which goes up 
exactly straight." 

" Yes," said his father, " there Í8 one ; but, 
in general, the columns of smoke lean ; 
which is proof that there ís a gentle current 
of air to the eastwanL'' 

^* Westwardj yon saidí &tlier," rejoined 
Rollo. 

'^ Tes, /rom the westward, but to the ea«C- 
ward. 

^^That 15 wfaat ú called a progreisive 
motion," continned RoUo's &ther ; " that úi, 
the whole body oí air makoi progreiB; it 
advances firom wett to eait Bol there í§ 
another kind of motúm, called a víbraicry 
moúoíiP 

<' What kind of a motíonis Aat, &IÍMr ? ^' 
asked&dlo. 

^ It Í8 a retj haid kind to deftaibe, at any 
rate,'' aaíd bis fiílher. ^b isa kind of qohr- 
ering, which begins in one phoe and ipieadi 
in erery diiectíon* Don't yon bear m kind 
of a fliiiimiii^ loond ? '' 

16 
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"Yes," saíd Rollo, "a great way off, 
what is it ? " 

"Look over across the pond there," said 
his father ; " don't you see that man cutting 
wood ? " 

"Yes," said Rollo; "that's what makes 
the noise. — No, father," he continued, after 
a moment's pause, " that's not it. Look, fa- 
ther, and you'll see that the thiimping sound 
comes when his axe is lifted up." 

They eill looked, and fomid that it was as 
Rollo had said. The strokes of the axe kept 
time, pretty well, with the somid of blows, 
which they heard, only the somids did not 
correspond with the descent of the axe. 
When the axe appeared to strike the wood, 
they did not hear any sound, but they did 
hear one every time the axe was lifted up. 

" So, you see," said Rollo, " it is Bot that 
man that we hear. There must be some 
other man cutting wood." 

" We will wait a minute," said his father, 
" until he gets the log cut off, and then he 
will stop cutting ; and we will see whether. 
we cease to hear the sound." 

So they sat still, and watched the man for 
a minute. Presently he stopped cutting,- 
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and, to Rollo's great surprise, the sound 
stopped too. 

" That's strange," said Rollo. 

la a moment more, the manhad rolled the 
log ovar, and commenced cutting upon the 
other side ; and in an instant aiíter he began 
to cüt, Rollo began to hear the sound of 
strokes again. 

" Yes," said Rollo, " it must be his cut- 
ting that vre hear ; but it is very strange that 
he makes a noíse when he liíts up bis axe, 
and no noise when it goes down." 

"I'U tell you how it is," said his father. 
^'He makes the noise when his axe goes 
down ; but, then, it takes some little time for 
the sound to get here ; and by the time the 
sound gets here, his axe is up." 

" O," said Rollo, « is that it ? " 

" Yes," replied his father, " that is it." 

Rollo watched the motion of the axe sev- 
eral minutes longer in silence, and then his 
attention was attracted by the singing of a 
bírd upon a tree in his father's garden, at a 
shoit dístance below him. 

Pretty soon, however, his mother said that 
it was time for her to retum ; and they all, 
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accordingly, aróse írom their seats, and tam- 
bled aloñg together a short distance upon the 
brow of the hül, but towards borne. 

^' Then the sound moves along through 
the air," said Rollo, " írom the man to us/' 

" Yes," said bis father ; " that is, there ís 
a vibratory motion of the air, — a kind of 
quivering, — which begíns where the man is, 
and spreads all aromid in every direction, 
until it reaches us. But there is no jprogres* 
sive motion ; that is, none of the air itself^ 
where the man is at work, leaves him, and 
comes to us." 

^^But, hnsband," said Rollóos mother, "I 
don't see hov anjrthing can come from where 
the man is, to us, unless it is the air it- 
self." 

'^ It is rather hard to understand," said bis 
father. <<But I can make an experiment 
with a string, wben we get borne, that will 
show you sometbing about it." 

Tbey rambled ábout among tbe rocks for 
a short time longer, and then tbey descended 
by a steep and crooked patb, in a different 
place from where tbey had ascended. Wben 
tbey had got nearly home^ Rollo said that h» 
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would run forward and get his father's ball 
of twine and bring it out ; and so have it all 
ready for the experiment 

Accordingly, when Rollo's father and 
mother arrived at the front door, they found 
Rollo ready there with a small ball of twine 
in his hand, about as large as an apple. 

" Now, Rollo," said his father, " you may 
take hold'of the end of the twine, and walk 
along out into the street, whilé I hold the 
ball, and let the string unwind." 

Rollo did 80. He drew out along piece 
of twine, as long as the whole firont of the 
house, and then he stopped to ask his father 
if that was enough. 

" No," said his father ; " walk along." 

So Rollo walked on for some distance far- 
ther, until, at last, the ball was entirely un- 
wound. Rollo had one end of it, and was 
standing at some distance down the road, 
while his father, with the other end, stood at 
the gate of the front yard. The middle of 
the string hung down pretty near to the 
ground. 

" Draw tight, Rollo," said his father. 

So Rollo pulled a little harder, and by 
that means drew the lino straighter. 
h* 16* 
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''NoW|'^ said his íather, ''walk slong 
■lowly." 

So Rollo waiked along, drawing the end 
of the line wüh him. His íather followed 
with the olher end. Hius they adyanced 
seveial steps along the side of the road. 

'' Theie/' aaid his íather. <' Stop. That, 
you see, was sl progressive moiíon.^ 

^' Tes, sil," leplied Rollo. 

''The whole strmg adranced along the 
road," added his &ther. " It made prognes^ 
and so it was a progressíve motion. Now, 
&sten your end of the string, Rollo, tp tbat 
tree directly behind you." 

Rollo looked behind him, and saw that he 
was standing near a small maple-tree, which 
had been planted, a few years befoie, by the 
side of the road. 

'' Tie it right aronnd the stem of the tree," 
said his fiítfaer, '^about as high as your 
ahoulder." 

Rdüo ftstened the string as his ¿either had 
directed. Then his íather ¿Bustened his end, 
in the same way, to another tree, which was 
growing near where he was standing. 

"ííow," said he, " there can be no more 
jHTOgressive motion, but there can be a vibra- 



AIR AT BEST. 187 

tory one. Take hold of the string near 
wheie it is faslened to the tree." 

Rollo took hold of it, 88 his father had 
directed, and then his father told him to shut 
his eyes. When his eye» were shut, so that 
he could not see, his father said that he wat 
going to stríke the string, at his end of it| 
with his pencÜK^ase, and he asked Rollo to 
observe whether he could feel any motion. 

Rollo held very still, while his father 
stnick the string ; and immediately añerwaids 
he called out, " Yes, sir." Then his father 
struck the string again, several times, and 
every time Rollo could feel a distinct Tibra- 
tory or quivering motion, which was trans- 
mitted very rapidly through the string, from 
one end to the other ; although, as the string 
was fastened by both ends to the trees, it 
was evident that there coold be no progres- 
sive motion. 

Rollo's mother had been standing all thia 
time at the step of the do<nr, watching the 
progress of the experiment ; and, when sbe 
saw the expression of satisfaction upon Rol- 
lo's countenance, while he was standing, 
with his eyes shut, holding the end of the 
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string, she wanted to come and take hold 
of it herself, so as to see what sort of a sen- 
sation the vibratory motion of the string pro- 
duced. 

So she carne out through the gate, and 
asked Mr. Holiday to wait a moment while 
she went to where Rollo was standing, and 
took hold of the string. But he said that it 
would not be necessary for her to go there, 
as she could take hold of his end of the 
line just as well, and let Rollo strike the 
other end. 

They accordingly perfonned the experi* 
ment ín that way, and Rollo's mother could 
feel the vibrations very distinctly. 

" One thing you must observe," said Mr. 
Holiday ; <' and that is, that the vibrations pass 
along from one end of the line to the other 
very quick indeed. We feel them at one 
end almost at the same instant that the other 
end is struck." 

^^ Exactly at the same instant, sir," said 
Rollo. 

" No," replied his father, " not exactly at 
the same instant, though it is very nearly the 
same." 
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"I did not see any difference," said Rollo. 

"No," replied his father, "you cannot 
perceive any diflference in so short a string ; 
but if we had a string, or a wire, a mile long, 
I presume that we should find that it would 
require a sensible period of time to transmit 
the vibrations from one end to the other." 

" What do you mean by a sensible period 
of time, father ? " asked Rollo. 

"Why, a length of time that you could 
perceive," said his father; "just as it was 
with the man cutting wood. We could see 
that some time elapsed between the striking 
of the blow, and our hearíng the sound." 

"Yes," said Rollo, "just as long as it 
took him to lift up his axe." 

" That is not certain," replied his father, 
"because the sound that we heard nüght 
have belonged to a blow made before. That 
is, it might be that, when he had struck one 
blow, he had time to raise his axe and strike 
another, and then raise his axe again, before 
the sound of the first blow came to us." 

"Yes, sir," said Rollo, "I understand." 

Mr. Holiday then told Rollo that he might 
unfasten the string from the trees, and wind 
it up again inte a ball, and bring it in. 
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Then he and Rollo's mother went into the 
hotise, to see if breakíast was not almost 
ready. 

That moming, after they were all seated 
at the breakfast table, Rollo said to his &ther 
that he did not exactly nnderstand what 
sort of a motion the vibratory motion of the 
air was, after all. 

" No," said his father, " I suppose you do 
not. And, in fact, I do not nnderstand it 
very perfectly myself. I only know that the 
philosophers say, that, when a man strikes a 
blow with an axe upon a log of wood, it 
produces a little quivering motion of the air*, 
which spreads all around, darting off in 
every direction very swiftly. If a boy 
strikes a tin pail with a drum-stick, it makes 
another kind of quivering or vibration, which 
is different from that which is made by the 
axe,- but I don't know precisely how it 
differs. So, when the air is full of soimds, 
on a still moming, it is full of these little 
vibrations, like a string which trembles from 
end to end, though its ends are fastened so 
that it cannot move away." 

"Then the air is never at rest," said 
Rollo's mother. 
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"No 5 certainly not, when any sound is to 
be heard ; and it is never perfectly silent." 

" There is one thing very extraordinary,'* 
said Mrs. Holiday. 

" What is it ? " asked Rollo's fatheri 

" Why, that, when a great many sounds are 
made at the same time," she replied, - — " as, 
for example, when we are upon the top of a 
hill, Olí a still morning, and hear a great 
many sepárate somids, as a man cutting 
wood, birds singing, a bell ringing, and per- 
haps a man shouting to his oxen, — all 
those tremblings or vibrations, being in the 
air together, do not interfere with one an- 
other." 

" Yes," said Mr. Holiday, " it is very ex- 
traordinary indeed. They do not seem to 
interfere at all. When there are too many 
sounds, or if there is a wind with them, 
they do interfere ; but, in a calm morning, 
like this, when the air is at rest, you can 
hear a great many distant sounds very dis- 
tinctly." 

" Yes," said Rollo, " and I mean to go up 
to the top of the rocks again after breakfast, 
and listen." 



192 A0L 



qüESTIONS. 

What time of the year was it when Rollo took thki wilk ? 
How did Rollo satisiy himself that there was no wind at 
all? How did his fiíther prove that theie was a little 
wind ? Is all motion of the air wind ? What two kinda 
of motion aie mentioned? What sonnd did they hear? 
What made Rollo think the sonnd was not made by the 
man whom they saw cotting wood ? How did his fiíther 
explain this phenomenon ? What experiment did they try 
with the string' Were the vibrations transmitted slowly 
or rapidly throngh the string? Did Rollo think that he 
understood perfectly the nature of the vibrations ? What 
eztraordinary circnmstance did RoUo's mother men ti oil 
at the breakftst table? 
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